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*f&B^icjc^. tammm. sf rp co^Mmmmis^u/ztzitmmm^m. ttuizm 
m m a <7) k it mi =k v/*fci±v&«jjn^jg^3b*or^"?*>-6. 3 n^^m^x 

<7)B/jit:fe> «k Vv6;lf jb*S/&T'§ -So i£ }jl 18 £ IrU M V \z s F R P co^tMmnkfflis <k U/£ fctt 
fa&HB&SJtt* Dl gtcJc-SsFRP <7>^3afe =t V/ &fz\tmm<r> > ^-X^diflMvl: 
D 1 g co^tglc «k Z>MMftZi&co > X A^BHlcfUfflT t -5c *^BHlc v^TfM^ 

t5Dl g Xlg^^t hm$LM%Qis «k ^Mffi^Ltft^i*<^03a^f$ffltc «k ») . Ktt^SO. s 
F R P <r> Wt^im ^ mj is ck V/ * |g if ^ M . s F R P it fg T ^ > ^ ^ fbFfl S j?J is «k V 

/ * a ^ > ^ ^ fbJFU . m u\z mmi%&<7> $h±.m is x u/ * ^ a v&«ki \z m^nz it&m 

m v£ fr^M of tc ft ^> o 

[^BH^^^i-s rzibcom^comm] 

[00 1 1 ] 

(^m#«i#M) . f di g ^^mfiTfc «k v/* rzitmm^r^mmr^com 



[00 1 2 ] 

^MH IE it is =fc rjf$f fFtf ^^iBHlcfc . T D 1 g minJ- J v ^T^h^^^J i± . 
flI#tcfcv^T D 1 g 31 1ST t> ^ ^ ^ iS 2 ■frfcv^^^v^. fD 1 gj tit. D 1 glfi 
MfcSi* L . rDl glftfj ttt, Dl g%3-Hti!^ftfit. r D 1 g <7)¥tm. 
J i: It. Dl g^n-Ht^D N A <r> m fc=r 'If * **m R N A (Dl g mR N A) izlfcW 
& Z b . £tzlt. mRNAlci^^tl, i^ifll (Dl g) ^)7; ; S£S££iJ t L T 

[0013] 

D 1 gl€f i'V ^T^fv^xcT)^, D 1 gl€f (^f, Dig 

Kfc =k V*f ^ 7. h tifzo Dlg-/-7-)^ll, D 1 g )b**feai 5 *i«r^ 

ofc. D 1 g-/-v)XT'U, D 1 g M^iafe^ ^ffl^fc s XS LTi^ -5 3 i: lc Jc 9 x D 
1 g aa-fe^ <^K^ib*JB§ -f . *tf>Jfg*. D 1 g^)7= ;iE?iJft«II{5ti*v\ Dig** 
%LM£ iltc^Z t . D 1 g-/-7^xf[i, D 1 g Wli!il*LTv^. — ?J . 
Dl glfef ^rnXS^^ a ( lil T\ Dl g+Z-^^x^pf^i-s) icov^Tti. K 
, f iJfiv^xjjJcV^Iv^xft'ibtlt. D 1 g+/-7^XT'U, D 1 g ft* *fc ft £ 
tltzfr. ^^mitW^m^^ X (liiT. D 1 g+/+v^ fcifcf&LT^ft 

[00 14] 

D 1 g +/ — xicfcv^T i^Ilc#oT, fertl IMfc «k v + * - ^ >i * => - > 
^M<?)0^**a«>^ tifc. *ifcM«r*#tfSi»ffii»k:iJ v^T > iElgffimmx* D 1 g 

fc*J&ft £ ft£ub*x tt««HJISTlJ D 1 g fc**feai 3 ii£fc>o fc. ZiO z ti)-^> . Dl g +/- 
vt7 xicfcttSltt^Sfl^fiKlix D 1 g mfzT <^XM\z UD1 g ^^MI&T is =k 

»LTV^:fclCJ:D, ^mii^TD 1 g 3tfeT^ S^^ailSl^^iec *) % < x ^-<7>fc 
<)6D 1 g <50^^.^^**^ C TIIW^^ tlS nTlg't*^ 
[00 1 5 ] 

D 1 g * fc> <b I* BC L x EE 44 *fc iH # «H Jfi (litTx MEF tl^ft 

■SMcfc^Tx sFRPl mRNAfeil/s F RP 2 m R N A <r>&')? to*VL#> h fi fz . 
ifftCsFRP2 mRNAi'iUa^LTuf;. D 1 g -/-77 Xi*^)ME F l: D 
1 gl^f ti|ALTl3S3€5i:, sFRP2 m R N A jb*if 7711 -* § c t jb*¥U Hfl L . 
Z <?> d t h . D 1 g-/-77Xi*^MEF icfcttSmRNA^i^li, D 1 gift 
=f-<r> X9. \z Jc 3 t % z_ £ . mRNA^)i^ii, mRNA^blK^ tiT4c 5iai<?)S 

D 1 g <7)^3E{&Tfc £ V/*fcl±ffi|^iB:Tt±. s F R P ^¥tM. ft\z s F R P 2 <7>fE3£:te 

&u/$irzi$mm<r)&T-&m>%$£-t t tis. sfrpu, w n t7>? i^lt 

t> fi ife^ * L . W n t x r ^ 7) ffl ffl m fttt fi o T S 3 fc»*D «b tl T ( f ^ ^ -< u 
7 s > > h (Development) J. 1 9 9 8 Si 2 5t, p. 4767-47 
7 6 ; fcl; V - -7> yi^fOX (Human Mo 1 ecu 

1 ar Geneti cs) J. 1 9 9 9 ¥, S8t, p. 5 7 5 - 5 8 3 ). fifi. s 
F R P 2 s F R P 7 T 5 'J - * ^: HJS SB AS k: v^T@S^ t^chlci^ W 

n ty 7* j- >i h*i&U.£ il& Z b t>^^ £ ilfz ( X X * (Su z u k i , H ) *b . X ^ A ^ 
^ — x ^ If OX (Nature Genetics) J. 2 0 0 4 ^311 1 4 at 
>7-f>£^§)o £ <b ic. 3 c^^g-ic is v^T tt s s F R P atfeT<7> > ^ ^ fbjb*#®:<^7\^ 
?S ffi *8 IK a6 <b tl -5 C t "km^ LTOS. 3 tl «b ^ «b . 7^ d ff^ lc 4? X . s F RPI 
fST^> > * >u fblc J: "9 s F R P 7)f&mfe «fc V/ S tt & *>* <Ec T L . f ^)ISIW n t is 7 

A > ^ ^ fb h <J0 n ji'tt 3b*^liS 3 tlT v> S o D N A > ^ ^ fbtt x D N A 7 ^ >i h =j > X 7 x 



■5 )x J£ *> * . > ^ ft3 D N A [c tt > ^ ft D N A k:4$Stt izffi^-f Z> S a H (M 

BPI61) ft 4 IS ta L x ^blCtXF>)|7tf 4 ftSI £g % # tf K^T 'J ~f V V - <F> M 

tlT t X h > ;b*J&T-fc >l iff & fzdb. 7 a v ^ > <?> *# 31 X ft ft* |B z 9 K^T 
**}IU ftj 5 ft £ . £ tz . MB P Ifil^ia" ic J; 9 „ > * >u ft D N A fc> <b <r> m. > >u ft ib*#j 
l-f «b fix > ^ ft^Jft^f jf £ tl. 3£^)b*££l& lc m.it 2 ft£ . D N A > f i 

ftii. Ifif <^fi^x>f f i: LT^ffffl$*LToS„ #J It . M ffl ftl 3B € ^ ft* > =f- 

>nt$fizt. ^com^frmmzfiztzdb. mMfcT^m^^MBrnz $ fiz^m'&fr& 

Z>« £fz. mmt > * ^ ft£ ftTtte^fc'ffllfM 5 ftT v^SJSJt^^ <?> > * ^ ftjb*$?|S&2 
i: . *S 3H5 ^ K ^ fc* W % 3 ft -5 HTgg'lt***)* o 

[0016] 

s F R P fc*W n t x r ;k?> H IP 66 * g o Ti^:t^b, D 1 g Mfz^XMlz J: £ 
tt»0/£<7> > #-Xz*lci±. D 1 g <?)IE«T:te «k -U/% tzltmmi&T\z «fc *) . sFRP 
<?>#EBifc «k v/U £ l± 66 ft* IS « 5 ti. f ^)iIW n t is 7+ >i Zfi&kx^^tix 
*r — Y frfttE-t & -t D 1 sit. s F R P IZ J: o THIffi $ ftT u 5 W n 

t x r * ^ -£31JSB&<?> -tiftk: f£ g-t -5 H^T* *> *) . s F RP^)MfcJ; U/ £ tt f$66lc 
=1; 9 W n t x 7-1- >i ^mzMB-f & LfciST, D 1 Wn ty 7f 

v^ttftic «k 5lii^%ISt5 i: Dl g t c Jc £ s F R P <^^lSfc =k 

f$66lc m t> £ > ^ - X A i: L X x D 1 g ic i § , sFRP<7)MlcK4t5ls?Hf^lK 
^HIf5HT<^iifff5*»^^. «b ti^, . * . 3(J <7) > 77 - X a i: L T . D 1 g iz «k 5 . s F R P 
it €T > ^ ^ ft<?> H ffIS % i h fi Z> o #J £ li . D 1 g ic i ^ sF RPlfsf * 
fblci4t-5DNA> f ^ F 7>X7i7--li^fFfflit)*IS$ti, ^-<^*d*. sFPP<t> 
Mfc «k $ tt*S66**iElSr55:^flgk:#t W 2fiZ hx^^tz J- * — X z.hfi% « 

[00 1 7 ] 

z<^Jc7lc. D 1 g^^JlfiTfeJ; U/ S. Tz it m T \z & *) . s F RP^Mfeil/ 
tt «31 66 K W 3 ti. ^<7)Jjg*. Wn t x ^+^3b*^3it?tiTia«rit>*BJsR3ns. s 
F RP<7)^3EfcJc V/ U tt f«86*> la W li * D 1 g <^ fEiSffi T 4? =k V/ * tz It m T 

ictes-t^ d i g ^^mnr^^^h-f. d i g itfgT <?> m m m& =? • mmm 
gwig, £>&\^itm&w&mmn<7>m'M^izmm-t & d i g ^^iif&r tc j:,xtis 

[0018] 

L o T . Dl gCiSsFRP^MfeJ: Xf / %tzltm^. g tc Jc 

§sFRP2^l!afcJ: U/ ^tzltmm^. 2> Z hlZ & *) . Wnty^fi^M 

fciEflaJtMfc «k i/iir^*iST'i ^. t & . 2^tca. d 1 gia^sFRP^i 

^fe «fc V/ ^fzltmm. ft U L < tJ D 1 gl:J:5sFRP2WlEifeJ: V/ * tt ^ 66^: 

x if^-t-S 3 t lz «k 9 . W n t x r+ >i <?)%i'\>£ltlzm®~t 2>%i&. M x. It mm Wj± 
is =t £ ttv&Se**oT66"?*><6 = *B^fffl#fc j: fFaf ^^lEffllc fev^T . r s F R P 
<7>%3U fcttx sFRP^n-KtiDNA^Iifiift'mRNA (sFRP m R N 
A ) tc 3 tl €» C i: . $Lfz\t. mRNAlc S tl . i^Ifil (sFRP) <^t5 ; 
ifE^J t L T ifl 1R 2 tl § c Ulntti. T s F RP<?>fi66J t LXlt. l£OTn t x 
r+^r>?^^xi L T . W n t ; y 7 + 'i ir^M$&~%M lz MB ~t Z mm^M^X % Z> 
o rDl glciisFRP^MfeJ: U/ ^Tzltmm^n^-f ^ \ tit. D 1 g iZ X Z s 
F R P <^%mfc J: V/ * l± 66 « t ^ il^v^flg^ «b . =k U/^tz 

lt%&mt)*Mdb hfi%> V\M\z^it^ z t . M.UIZ KfE^fc =fc V/ * 66 lf> db h fi 

■f tl * t ,W- "t -5 c r W n t is >i <nj&& ft J kit. W n t x r J- >v <n if jg ft* IE 
^^^flgtttfS LT1 < ^fti--S ct^v^7o Wntx 'i 0>ftWi<nfejg1j*-m < ^fti" 
Z> z k \z £ . mmigM^UMJftf&^rfrMB &z ZfiZ, 
[00 1 9 ] 

Dl gtc££sFRP <D J= V/ t It mm . (ffSKUDl gti5sFRP2 



cv^Mte <k V/ Z. tzltmm* . ifitS3fcl4. MZ.lt. Dl g tO^MSs «k Tf/tL tzitm 
££^ifit S z t lz «k *) UMiTJ. -5 o D 1 g<?)li^ LTti, sFRP^MfeiV 

/ * rz it m m iz m t> s > * - x a m m ft m w ^ ft s . #j u » d i g^iffitLT 
s f r p m^^^m^m^^w^mm m^comm^m^. s f RPi^f ^) > *>\,it<7> 

SSfi'tibtl^. D 1 g co^Mis «k V/ Is £ I4$£i£^if it S 3 lc «k *) . sFRP 

a^^<^l£^H^^K^^ffiHT^*»fle<?>ii^*fctt s F RPiafe^ > * fb<7>FIW# 
t4LT, s F R P ^) life i i^/ J t li li^ it 1 1 S 3 J: ^T- § 5 „ M#ftlCl4. s 
F RP^)Mfci: V/ * tz 14 if i t -5 3 i: 14 . D 1 g lz =k S s F R P co $£Mte «k V 

/ * H . it % t s ft ffl * * t -s ft □ ^ ic «k *) mm^s m-z°3bz» z <d 7 & fti^ 

HT, Dl g@#ifcliDl g isfe^L <tt D 1 gifif ^^tt5ffl»£^ ? ? - 
£ tflj ^ T* § S . *5VittD 1 g <?>?&3ilif i^Jfc «k V/IS £l4^fiif iM^ffl^T^fifct £ 
£ i: §-5o DlglC=kSsFRP <^^3li^ . if it S ftffl % *t -5 ft^^ 14 . t^t 

s fb^^^iBi^^viic j: x m * <7>it&®frb M&ftm-&ift s it^m^mm-t s z t \z 

=k 9 IX#T'S -So Ufc. D 1 g <?>?&3ilif iSUfc J: V/ls fcl±l»li61i$M<*> i: LT 

ffliM#Sfti^tn4. *£MtS fb^^<?>[B]S^>ilc =k *) . ft tr <7><£&tyfrh D 1 g *>fE3iij 
«k V/H £l4*$ii££if its ffc^fcfflSUt* C i: lc =k *) flX#T# S. Z<D^^>\z. Dl 
g lc =k S s F R P <7>%LMte «k t4f£li£^ . it it -5 ft ffl * * t S * flU T . 

s F R P fy^tMte =k V/ * if i t S 3 i: lz =k *) . Wn t y 7+i^/Mt»fi 

if Mfc £ V B tf> IS W . Jtt » & jL J; V/ * liv&SE jb*Hr^T?*> -5 . 

[ 0 0 2 0 ] 

* f& m lz is u T 14 . D 1 g S s F RP^)ISbJ; V/ * 14 £86* . if i ~t % if ffl 
^*t-2> <Li^^#t?!jtMj?J. Dl g <r)¥m.te =k V/* li *S 86 % it it -5 ftffl^*t 
€»fb^-^^#t? s F R P <^%mif i^Jfe «k V/UfcttJaBBii&aiK Dl g I: J: S s F R P 
«k V/* fclJ*»&fc% s if it S fTffl*ft4 fb^t/^ a tf ll«rg5,m<^Kih9J «k 
^/ / S^t4^«^J^}gfitt-So KT> ^^BHtcfev^T. sFRPHT, ^f$L<t4sF 
R P 2 T»*>S. tfc, D 1 glcJcSsFRP ^)^Mis «k £l4*M£ . if it S 3 t 

^Jff ^ 1 1 5JS«0f£ffi.W;frv*x Dl g <^^mfc «k ^/ / */cl4^lft6^if it -5 3 i: *!ffffic 
tf^sFR P <^^mif i^jvSfc J; u/HLfz \$mmm^>&. D 1 gl;^sFRP^% 

m.is %.tz\tmm* . if its c t ^ iff ^ 1 1 1> i§^f.f) K£^Sfc ^ w / %.tz\$ 

?fi«^^*JS«oT^T*>s«, :n^au, _h 15 fit Hi « s s F R P ^^.if i^Jfc «k V/ 

[ 0 0 2 1 ] 

D 1 g i: L T 14 . ni^LKjt/ . fJ 14 . t h . v ^ x . 7 -y h f «)§Iii/cti Iffl 

lia#icft#tSlfli^f if bti^o lc 14 fj i4\ g£ ?u a <^ K M S ^ 2 IcKK^t 

5 ) mm $i t* it $ n s t h i * s a h . *> s vm4 se ?u s ¥ 4 tc te « <^ t 5 j &$z#s ~z & t> 

£ ii%> ~? O xiHgl^jffi L < MtfX* £ So D 1 g 14 SC^IJ S ^ 2 t Tz 14 4 lc 15® <^ t 
; ^ge^J JH 7 0 % \>X ± . *F * L < 14 JK 8 0 % ^ ± . «k»)#F£L<liJH9 0%Ja±. S <b 

fc*F*L<i±#39 5 % pm ± <^ ffl [b] 'i4 ^ ^ t s -f 5 ; ^ie^u Ti^nsieiT^s: fc 
fciijfAi^fs^tiT; i*eiij-?isnsf ^ft^^aK^4. 

Dl gt LT^Iiittt^iai. #0x14. sFRP. S S L < ti s F R P 2 ^^MH 
Jc U/^fz Uii^iSit^Cii^T'lSieiT^SCt^iLv^ T 5 ; ^<?>^S 
^gl^ft Jc y^ft ^^fiS#i4. ifi^ftSiei* 1 , sFRP. i L < li s F R 
P 2 ^J^fc «k V/ * tz I4^l6^if i t S d t § S FI 0 ^ lc §0 FS 3 ft 4 v^ 0 S ^ 
s^tt^ieitt, XMlcfcv^T^iJ^ t4^^^s^aiR^<^0tt#lc J: *) 4 i; t^^)T' 

f?S*JIAt4^lil#^f*^ #Jx.t4\ i>^n^3lfeTX^ff3^»f ^fiJif! LTlft 



5 ilfeil/ifiT; 7@£#) <?> W T? tf> ffl S tf> H 81 1± S ® k: « ^ £ ft-S . 
[ 0 0 2 2 ] 

D 1 g 1J , Dl g <?> 3£ ft* Bt |g £ *ito<5 Dt^Lift45J4*<^ffliji^»aiJia^'b . &*i^)ia 
® lit |!i /TS tc fife o TffiM-t-S 3 i: «k *) BX#T-§ -S . 4^ffilctev»-ni, * i\ 

ni#LMi*<^ffill^0)i&t: * ^ i?+ <i 7 L fc&lc » MrS^T S a H<7> ttS * it 

<xu-c. n ^ ft <b . & *d <?> *i w >£ * iu flu lt d i g *m«ti*aa-rs. m 

* ffi 381 ?J HTU, til x. \XMWe~r y =e - *7 a ifcia x Fi^h *> jg . V^?a-7h 777 ^- 

m~t 2>T ~y i - ^ A 7 u v h 7 77 i-Sfflus:ti**fUo. £ . Dl g It . — & 

7' ^ h'^itj . *L#t*it^?± . 1 9 7 5 ^ Ifei^T^^f F x>^x7(Pepti 
de Synthesis) J. -i > 9 — +*M^>7(Interscience).— 
^ - a - 7 (New York). 1 9 9 6 ¥) tc Kt£<7> 7a ;b $ #!l ^ 5 ft 5 3 ft h \z 

. ;»S5iJi«k:S^v>T. §7$ Ji^ l If oliXi^^ txi^EI^Tv^ 

< K^t) *» -S 7 -v 7° 7 >f X x n > r - i> a > a t . T 3 i|IIi) 1 b^S777>>^ 
T fiK L „ iXv^T'§7 7 7 > > h ^ 77 -v 7° 'J > 7 fx UC $ i± -5 7 7 7 > > h 77 > • -r* > • -fe - 

m a s^^>s ic t fij m $ ft -s isi^a t ic & 7 - t § * o i^st lt, <w 
ts\ T^Ka. Dcca, >$'t4x 7. -T- >i mitmitft;. dp pa 

7 i — ;U * 7 * 'J ^ T is K ) vi . D C C + v^STja 1ft ( 1 - t K n ^ x ^ > V h ')7 »/ - ;U s 
N-t Fo^y7?y>7; h\ N-t FnJfy-5 - ; *#'Uo-2 , 3 — x 77 >l # 
x 3 Ff) . ^ <v h' 7- Kftf ^fJ^T*§ ft^^fiUc J; vibtl^D 1 gli^ 

d i g a. d i gMiK^^ummmmm\zm^^x -^^mir^x^^^'A cnniEnm 

x |" 7 7 - 7 'Hfiflf J . 1 9 8 8 7q.#t*jt^a ; i-i'J ( E h r 1 
ich, H. A. ) rPCRf? ;ny-, D N A it m<^> jSH t JJEffl J * 1 989¥ 

. 7 h -v 7 h > 7' u 7 ; J: 7j ji v - ( U 1 m e r , K . M . ) . r^U>A (Sc 
ience)J. 1 9 8 3 ¥, S2 1 9t, p. 6 6 6 - 6 7 1 ^ * #M ) lz «k 0 5X# °T 
i-?*>§. ^Jx.a\ D 1 gifift^ftSffifti^ * ALtff^Iliftfflu 
T D 1 g <7>^3a^i|^tf f^tiilStt**^ D 1 g ^0iR-t^> :ttJ:^ D 1 
g^3X#T«#^o ^'btc. Plfmtcjc^. ^H$5«fr^ig^ L /iigftM t Tz U^IKII*^ 
•b. ±B5^«tSS!l^^ J: ») D 1 g ^fSiHi-£ C 4: -So D 1 gatfeT^^*i-^lfl 

7 9 -^m a l rzMWifcmitic. fcv^T . di g vM±«Bjia 
h . _t ib m m to m ~n v* ic j= *j d i g *mm-tz z t ^t-s Dig 

^fn:HT'§§ (7f o ( M a d i n . K . ) h . r^oy-r^ 7 7 ^-7 

-*f + X 3 7- tl T 77 7 s 3 — ^"7 *>fl>yX ^"7 -f - -(f 7H 7 t — ^ 

^"7* T > 'i ^(Proceedings of The National Aca 
demy of Sciences of The United States of 
America) J. 2 0 0 0 19 71, p. 5 5 9 - 5 6 4 ). 



[ 0 0 2 3 ] 

D 1 g mir^lt. D 1 g tf> IE Bi fc* fi! & 3 tiX\* b . tSti-j TcDN 

A 7 ^ 7 ') - L . McDNA7^7 'j-ii^pfra^?n - > "kMH-f h Z h\z 

=k *) S5C#aTiiT'*>-5 . c D N A <?"> iJS h L T ti . D 1 g tf> IE ^ *>» fl! & 3 tiT v^S g-fl^fffl 

ns^»ffl»L * fca 3 ti <b tc s tg^iwiia^ fj^T § 5 . di g itm * comm^mmx 
L<ts. i^ffiii. £fci±*ii&fflj»^ *svM±cti«bffi«it3i5<?>ai)ia^jb*iw^-e 

£ S » 3 tl ib g3H ^ "b c D N A 7 -i ~f => ] ) - % H»lt S fz#>0>£ R N A <7> 7>iE . m R N A 
<?> 7> P?t^ fit M . c DNA<?>IfXf#i:^<7> 7 a - - > r f a v * -f tl t 3Tv£ ic ft o T !!«£«]■ 86 
£>So t h^I, fD^SSfe=kZ/iSI4*^ml^ tlTv^ p o 1 yA + RNA^ 

b c DNA7 ^7 'i-^lf LTfflv^C h^T'§^„ cDNA7 >f ^ 7 'J - <b pff ffl 
(?) 7 o - > * SIR 5 >£ Jff tc ffelj HI 3 tl-f. fiffl^)^|IJfflT?S4. mz.it. Dl g 
j© IS ^ ic 31 JR ft tc >f -7* 'J ^ -i -fcf- x 3 >f§7'n-7>7-7 ^-f^fflv^Tptfa^)? 
o->tifit5:!:n'§6. Sttfalcii. D 1 g mfc=f- \zMfim\z >\ A ~f <) 9* A -H- 
i/ b y -? % v° u - 7* — ? >s -i 7* 5M -tf — x 3 > >£ . anz-A^'j 5M 

-tf-> 3 >^^^ctnb^ffl^-i±^^vS#^#j7KT-§ c :T*fflu§ -7' o - -7* ^ -7' ^ >f 

•7- h LTli. Dig 3afeT<^ie^J'Wi3lc*oH^T fb^^fiK L 'J^ntf F m - 

Dl gjtft^i: LTS#»lctt«|^.tt. EJU^^EHIS-^ 1 k:ietR<*> 
JSSEfll T'i^tiSt hi*DNA, * 7c « g£ #J g 3 lcieiRtf>JgafEflJTf|;h $ tl 3 v 
^ ^iSDNAW* L < fJ?KT§ -So D 1 g JafeTttie^JS^ 1 * Tz It 3 lcie«<7>ig* 

e#i xm $ « d n a iz m& 2 n-f s m d n a * # t? d n a . * tz it m d n a t m 7 o % 

lit _h . #F * L < It m 8 0 % ± . =k *) n £ L < tt #3 9 0 % W ± s £ «b 1c £f i; L < li *U 9 5 
% iil ± <?> ffl In] ^ * i" 3 DN AT'i>5 C i: S. f£ Jg2SEfll lc 4? T 1 M 

lil _h . #0 £ li 1 71 S 1 0 0 1HI . £fi;L<ttl7?jS3 0 1IIK «k»)<Ff*L<til7iS2 01@. 

$ <b tc^f * l < it 1 7is i o ihk n\zn as l < a i j^iti^)^ utf h <t>x^. 

DNAft^t^tiS. ^S<7)g)^fc «k 7jf ^ tl «b <7)fi If 1J . if^^tt^DNA^sF 
R P <7)^3Efc * V/* S**86*'fr-*'£^fiW* 3-Ht4DNAT!*4 

PI *) iff lc$lJP13 tl^v^o *^^$attt5DNAU, 7(lt^ftt§DNAT-$>oTJ: 
<s SI6tH*tt4DNA7*oTJ:v». 7^,^ & *<7>:fi €T * S \^ X * 3? 

nmft&m&Am. &iz=?wmmmz.m. *tiiPCRft, ma-?* 

- ~ t ^ itfeTX^ J . 1 9 8 8 : =k vx- ;u v t ( E h r 1 i c 

h, H. A. ) 83 . rPCRr^Dy-, D N A J# *M jfll t mm J . 1 989¥. ^ 
h v ? Y > V U X ) \z m C T . *> ^> VMi ^ tl ib <?> 7^ vi * L T HUfe-T -5 3 t § . ^ 
v - if ( ^ ^ -7 - (Ulmer, K . M . ) . r ^ -i ^ > ^ (Sc i ence) J 
. 1 9 8 3 12 1 9 1, p. 6 6 6 - 6 7 1 ) %?Jfflt43 fct"?§4. 
[ 0 0 2 4 ] 

D 1 g it€T^#*i--5fflm^.^ ^ 9 - li. _Lie7}v£le «k »J mm LtzD 1 g afKT^ii 
^ £ ^ ^ ^-DNAlclfA-t-SChlcJ; i) 1 ? §^>o ^ ^?-DN Att^li + T' 

«ftSioTffiT*> 1 , D 1 g <7>¥£$L-&aSmiz-t Z> 7 9 - D N AT^titJtff ic PS^ 3 tl~f . ?S 
± co mm is «k Vf^ffl B ftlc «k ►) allt^JR 3 ti So <H-DNA!i, ^Ilc^ftt^DN 
A^tt^LT^'btl^^^ 9 - D N A<J0ft!L. « fill lc * 7> W. ^ <7> D N A co - 
XiUi^^^-DNAT'U^. 95 «: ^ ^ 9 - D N A t L X M Z. It . 7° => x 5 

HA > * 7 -T- 'J ir 7 t — i? is J: V ^ >f ;u x i * <7> -t 7 9 — D N A ^ ¥ if -5 3 i: X7 S T § S . "7' 
7X5 FDNAkLTtt, 7cilt*^7"7 tif it*<?)7" 7 x 5 g$#i* 

^7-7X5 Kf^i^T'S^. M*?f 1 Jt77-yDNAUT!i> A "7 r — yf If 
btl§. r 7^^7xt±33R<7)^77-DNAi:LTiifJxtiUha r 7^^7x x •77>-^7' r 7^ 

^ X . T 7 t» y ^7 >f ^ X x ^ 4 j], 7,^ S V 4 0 . ^ 'f ^ ^ x 45 J: V flX '14 7\ *H ^ 



j jl X # CO $fj ^ ^ , v 7n ^ 5(5 cry ^ ^ 57 _ ^ £ V fti ^ ^ O ^ >f ;U X # <7> S * *7 4 >l 7, ^ 

* <?) -5 ^ 57 - )b*# vr h ft S „ ^coik. h7>^* , />4*, JfAxl >>hi*. 

Lfc^M-DNAs f J ft If ft 7 x 5 KfeiZ/^^T 1 ; t7r - <7)iafe^£l x u > > h 

-DN Alcttx D 1 g isfeft^fifi^l&ISx? ft £ «k 7 ic it feft ^ ffi B ft - t fc^STft 0 
» HD1 gisftft^ - 9- % * co m t&m * t ft s . c ft <b ic fin ft T 

. p/fSIlc =k *) 2 <b ic . L T §U fflHc K ft S 'If ffi^filt LfciE€^K5U*ffi^"ttT g# 

ftfrJ<7>ftv£tc J; *) 7 9 - D N A tcffl&i* C i: ftT § £ . fc* 3a fifE5!l i: L T . #J ft 

lix 'J # v — a^do- x ? — 5 ft — ? — . i/r+>iW>M. i>^>*-fwyxii i 

> h x 7y 7*ft Jl. x J: <>*iIjR^- 77 - ( 'J t H a $f| &jg 7U SI * it f£ T x 

> tf^ > [fit '14 it ft ft x * ft ^ >f > ffttttitfeft V) #^#IJ^T' § -5 . Zft^^^fflJRL 
1 a^lsfctitSBcaM^it^^E^J*^ ? 9 - D N AlcffiiAt? c -So ^M- 

D N Ale D 1 g isftft^ffijAft/ftSfti x S # ft fa<^ ft v£ ilffl T* § -5 . Mx.lt. Digit 

feft^ii ^ * m m m m iz j= 9 «l n t t ^ s g& -s -e ^ Bf l . yk v > is] « ic #a ji l 7 ? - 

D N A 1 1 n L > Jf-*t\z =b ►) Blo^ftS/^vS^fflU'bftSo £>£vMix D 1 gisftft 
ic if S # M > # — $7^- y3>L cti^S©lcILfc^?y-^v4f?n-^> 

r^^f h^tfAt-53tlcioTt, pTr m</> ffift ft ^ ? ? - ftt# ^ ft S » D 1 g is feft ^ 
ffiiAftfi-~< 7 ?-DNAlci >ft ^±$iliiLT#bn^^iii#li, D 1 g isft 
-ftjb*n — Kft-5lffiW^iHifltc1i'fl=lT , <£>-g>c LTlft JH * VS^ftwv^ 

fft^ffluKtH*^. JSt*£*fo i: LTli* iitt^^I ( xy i 'j trn 'j (Es 
cher i chi a co l i) ) f i ') tri, U^M^co ^ is =- — 

h't + x^f 7 (Ps eudomonas put i da) ^fcoi/^ — K ^ ft X H x 'ft/ 
tr ^ A > n t 1 -f (Rh i zob i um me 1 i 1 o t i) ^ <?) 'ft/ if ^ A JR ic JR ft S 

~& ffl ^ T- § o SI # li , ■4- > y^7a5ftx--bUtr>-^(Saccharomyces c 
erevi s i ae) . y 7 ^ -y 7) n ^ -b x tft (Schi zosaccharomy 
c e s p omb e) #fc*#l-r «b ft £ . SiSHJiaii. S f 9iNHIia^S f 2 lfflfla^^^J^ft 

■ess. ni^Li^^ifflflaii. (cosii, ve r o *Hna^ ) . 

x ^ a x ^ - ium Wfla ( c h o mm ) . ^ ^ x l mm . ^ -v h g h 3 «h Jia . t h f l kh fla 

^ 2 9 3 E B NAIfflif 6*«^T'§ So tfiL< ttuf ^Llft^iNHIia^fflv^ s. ^ * ?-DN 
A ^ ?S ft IB US <^ ii A IS x g#&*a<z>^&jb*J£ffl £ ft. iW lifiK» tc fgK $ ft T S 

(t^^IEKS. r^^^^T^Ififl^J, 1 9 8 8¥s Aiiit^a) t 

T'l 5. M # W IC ii . > S$ ^7 ^ is U V 7 > X 7 1 7 x 3 > . DEAE-f^rXh 7> 

|^h7>X7i?yH>, -f 7 a >f > ^ 1 7 x 3 > ' x ^ ^ t >fl§ii/h b 7 > X 7 I 

7>-3>. xu7hn*L-^3>x ff^Hii A x X 7 U - ftft^ ( s c r a p e loa 
ding) x a* ') 7,f -( 7 (b a 1 1 istic introduction)^ 

&mmm*sm-?$>z tmm\z. ftn^-^-x >/- A^^-se^ijx d i giftf, 

^MSe^J \z «k 0 ifil^ ftftv^ S 3 ft»$f * L u„ ft n 9 -^iOPft Sit€T>b* 

^JtlTuT^iv^ mm^rE±t-t^>ma. ^nt-ftHTflAHI^lin' 
%3EftS S fta 9 -T?*>ftliv^-f ft tflJfflDTIgT-^Sc fj ft li x t r p 7' n - 9 - 
x 1 ac7°n^-^- N PLftnt-5 7 -. PRftnt-y-^c^. A^S^^r-^ftC 

S*t4^nt-?-J(«Iv^n5. t a c ^nt— 7— ^^A&fl&fcatfSC^Sftfc"? 
n t - 9 - t& m T «t =k ^ 0 K ^ <?) US. ft ft ^ ^ 9 - <ry i| A ft v£ t L T li x IBilcDNA 

^^Aft sft^ft^ftii=rf icftt/ft2 ft-r x v^ftft t ^m^mx'^b s . *f * l < afjft 

77 ti is ^ u -i iry v^S ftvS x x I 7 h a # L - ^ 3 > vSV^fiJfflT § S . nifLKj^/fffl 

fla^?ift i: ftsJt a-x fflft ft ^ 7 y - t) s mmm^X' @ ^^m^t^t^ s t mw\z . fta^e 



- 9 - . rnax^7^m, di gifif, # t -X s - >i . m,^m%u mn \z & 

ot-^-UTliSRa^ot-?-, SV4 0 7'a^E-^-. LTR7'at - ? — , 

-ftffluT^iv^ ni#Llf]t/lffl)ia^<^ffi^x. * 9 -<7>ii AAv£ i: L T li » ttf K. L < tJ 

00 x. ti\ x u ? h u A U - >- a > vS . 'J > |& A >l is 7 U . * 7 i 7 ^ a > >£ # % flj ffl 
T*§So If t £f I L < ti , 'J *7i ?y 3 >a^fflv^„ g$#^£^Ai:AS:iiAx 

- ? - i: LTUSt^T- § S 7° a t - ? - *> ft lift lz $ ft i* . M A It . g a 

1 i -7- 0 ^ _ 57 _ x gai t - h y 3 7 ^fil^Pt-?-, MF 
a 1 PHO PGK^nt-?-, GAP T'nt - 9 — , 
ADH^'nt-?-, AOXl7"Pt-?-ii«flf £5 ft S * g$ # -^<7> ffifH A ? ? - <?) 
ipA^Si: LTIi, Sl^lc D N A ^ A A S A>£T ^ ft tiAf ic 2 ftA . £flL<ti#0 

i i . xu^htuKU— ^3>>£. X7ID77XFS, ft @£ ') * 7 U v£ # ^ ft) ffl T § S 

V > St A >l is ^ A & . # 7 ac 7 > 3 > >£ . X. U 7 h O tA - y 3 >S^^HIfflT'§ s« 



D 1 g t J; 5 s F R P cof&Bli* «k V/Utz it^A S fFffl * *A S ffc£-*fo It . #0 

A ii. D 1 g jafeA Aft^ t h DA %W\^0^m ^tiW&^'Alz «k 0 IX»A S - § S . 

D 1 glfifXWft h Dg#Lt^ t LT, ftf% L < tt. D 1 gl§f-NfnXI#t h nf 
$l$t]fy). i ^ff J L < liD 1 glisf ^rn^iv? x^i^TASo 3 <?> J; 7 * nA £L ID 
i» ic 19 «k 7 t A S ittxm (iilT\ fcfctft t & A S ) ^S^LTsFRPll^iS 

L . Kt&fAAt^SA L A M ni #L ©J ^ <?> s F R P it ^ % S ^- L & ^ o 

t5tfl£T'§^, C <^ =k 7 & IB] /^7^ vi IC if T . D 1 g^Mti^tSCklCJ:!), 

D 1 g co & 3E ^ if ^ -f & ifm^^-fZ lt£r%Q*nxm-f & z t t)*-z z <d J: 7 ^rfB]>lA 

v£ ic T . s F R P $ fz It D 1 g <r> Mi ^ PJ ^ ~t Z fX t> *) \z x sFRPifctiD 1 g 

^^ii^iijsl. ^^fb^-^^^Jf l rzmm$iMW^ s f r p * ^ti d i g^ii^i* 

^fb^^/^SA L o AMDi#L®)^ i: JttSi L T ±i ^jn L Ait ^. MMt^fb At/li s F R P 
* AtiD 1 g <^aft6^i#^-r S i^m^^-fZ tfl£T'§ So s F RP<7>fifi^ LTIi, W 
n t y r+^felSS&tPIStSf^ffl^f if bilSo D 1 g comm t L T tt . i x s F 
R P <^%m^i#^-tS^iiib*^l-f <b*iSo Dlg^MtsFRP^M^l^li^ 3 ti 
"b^itfeT^te^^^T-^S mRNA^lSt, Mm R N A <r> M WIM^ T *> S ^ H ^ pj 

ASBAft, A 'J > 7 - -Hiill JxfC ( R T - P C R ) . t-v-^a^t*') 5M A~ - 

x a > x * fz It zi u — - >\ -i -7 M 9 A -If - x 3 > # **#JtkT % S o If;, in situ 
RT — PCRAi n situ ^ -f ^ V ^ -f *E - x 3 > # * flj ffl L JHH Jfi U ^ ^ T- co 
Wlfelz «k SMtiiAvitfiJfflHrilT-^So «fc 7 *51€Ttftaiv*k:4jv>T tt. iaf5T<^m 

S <50 H Sfe tc . fe^ <?> g|5y>Se^J h ts: S ^ ') zf Z 7 L A =f- KT'fcoT7 , n-7A LTW 

LT<7)ttltf t5 t zf % ? v ir* K tit. fef^AlciffSfilc^'f r -f A - 
y3>T'§ S l^fifeA^f *<7)ge?U ^ <b ^S t^ti^tS. 7'7 >f LT<^'t4H^* 

AS h lil^fifeA^^^^f s © if ilia T S S MiafeA^f *^ffi^J ^ ^ A S ^co^.mn* 
A S o 7D-7*i/iii7 , 7^7-HTli, ^Sie^iJ ^ 6* — fc 5/155 0^ ntf 

h'ggTASt^)*AiL<, 1 071M3 5^7ltf FggTAS^i^lfflA 
. 1 5 7b 5 3 0 7 ? U A ^ K g ® T* *> S t <JO ft* 3 <b tc ^ t L v^„ 7" n - -7* £ x ii ^ it ££ift 
LfAn - A^fflv^SJb*. #^liT« *> o T t «k v^o It, fi. }f © I fz It K JS » lc ^li L A 
'I A > H fc<^4fS©J|ga-k:«J: »)iajLTt J:v\ ~7° a - 7* J: V -J A > K * ^ II A S A v£ 
l± x fi *^^S)!) , lnbtiTfe A A ti — -v ^ h => > x u - >• 3 > x 7>^A77 A> 
71 Att A + - A^Ii^fiJfflAS ^Sltll^TI So liiglHTU, iKttttlBjfi 



[ 0 0 2 5 ] 



tr**>. ^t^^/H. fb^lE«ft. S^fJl. f/t##to*#i-f <b ns. jaft^ffivi t L 

T It . P C R to*/&S<7>,>±(to- bffJ Li\ PCRU, Dl g mir^ 2s tz It s F R P 3afeT^ 
iff ^ ft ic it i|is T* § § 7- 7 ^-tffli^^S-efciKD, t£3fc&*n<*>73$£<?>v*-f ttfcffcffl 

HTilT'^-So #iJx«'R T-P C R**|^TS -5 to*. ^co^L. M M^ffT-ffl u «b ft -5 It * 
P C Rtf>fEv£%jiJE-*s c i: A*T*§ P C R ic J: ►) , jfi ^ <7) # tti <?> ffc ic . ja^^H 
ItsJiT^^o to-to-3 ft tit ft & t LT l±. MSSAa#w8^e£ift, 

d n A^MYKmrn^^titizft 7 ^m&^^it^mm l fcse«^H#aj>£ t Lx^a^n^p 

CR-SSCPa*fl*-e§4. -7a. D 1 g iSfcttsF RP^fllHtt, f fflR»ffc:J:S 
S W*fc ttS vi £> S VM± £fi>£% ffl T fT 7 £ t to*T § S . m x. It . Dl gifclisFRP 
tc ftt 3 iff S}A#^ ffl u T ftgEifeftfcfrv* . 7iX?>^n7 hft* tt A 7 7*o >y h 
v£ lc «k *) . D 1 g $ tt s F R P fJJ £ to*5J PfeT <£> h . Ifc, D 1 gifclisFRPlcW 
-* -5 ft # iz «k *) . ft&ffiMUb^ftfttRr ^fflv^T v 7 -f > U fcl±3£*gfflil8-fcfltf- + <7> D 1 g 
IS l± s F R P * *fe ft H* flfc"? *> * . Dl g£fcttsFRP%&ai-*£7aY£<7>$f£Li>M# 
#1 i: L T 13 . =E ; ? n - -j- >i tK fa is =fc V/ ttzltfc ') 7 n - -h >i fft # % Jfl 5 > K -f -v 
*S£*#tp. I? Ife & S II £ (EL I SA) . IlfiftSt^^ (R I A) . $fe«E]R#tJ» 
( I RMA) . is J; <^&-SBI*v£ ( I EMA) # to* ipu-f <b ft £ o ^^ftH. => i? ir A 
U ) T v -fe >f ^M^-M^-T -y -fe >f m m -t 3 Z t t § S . ftH7a . Dlg^i ft6<^lU S 
l±. D 1 g to* s F R P <^ % M £ i$ 9$ i" -5 f J £ If s F R P <*>#E3L^#»fi6%fclS-* 
•5C tic J; is£. sFRP^li^IJ^I^ s F R P to* W n t tlntl) 

CfcCiDWnty^f* v£tt fb<^ Ffi W fF ffl % ^ i" 3 4: to- <b . x. It. BM£ * fcli^ffl. 
m if m & HJ £ i" -5 3 IC «k ») -So sFRPtWnt t <^JSS#<?>«flStt . 

■i > f- -f > r t -y -b \z «k ») HifeT § £ . W n ty ^'14 fb<^ Ffi S ffl & . W n t 

> r ^ f t ic «k ^^^n-r^ |9 - ^ ^ - urn.* w\ m l . f^M^ii^tis c 

c i: ic «k ») PJ^T*# |9 - *7 t- - > <r> ^Mlt . JilfiD 1 g <?> IE 31 <?> HI S 7a 
[ 0 0 2 6 ] 

D 1 g mir^ ^ t n XM# n h ui#Lf^ * ffl T . * . ttliff^^ FlSi" £ it^m^i 

nfe-tz> z t to*TS ^ o z^ jc 7 ^ni^Lf^ic^t^fbn-^^^Jf LTiiw^^ 

^to^liJS L . S^fb^t/^S^- L fz &m %&l ® iz & Z mm M fob* L 
ft to- o ^nifLiftt/ t it $5 LTiS 3s fzltm^ L M M#fb^^ lilliit if 

tiklJ^li. di«to*ff^ $ tifc to- 5 to- <t> IIJ . W^lc tiff^ $ nfcfltSI t lilfi 

[ 0 0 2 7 ] 

. #gDgKJ:Lt, IS^ii^S^ ttttif^^Jftf ; t^T*S § 0 *5v^ 
14 S □ IC J: S 1 of ^IT? *> * . fb^t/ t LTli, <W ^ it^ => A -f => M - ^7^^^/ 

[ 0 0 2 8 ] 

±Efb^-^^(s]S7av£tt . di gifif^fn t p mwLmfn^m^ % t-t> *) IC 

*LTu§:t, IfcliD 1 g ^fE^fc J: U/ £. tz tttt^to*f&T LTu§: t 1)*VfkU$ tl 
fciHHJfi-?*>S d t to**f * Lv\ D 1 g n^Lmik^<r)mir,=tm<r)m^\ \t . Mx.lt. &.&~t Z 
±7tPCRifcti*f>7 , D^ P IC J: 0 ^«T' § £ o iff * L \^mm t L T . Ktt*l*t 

MitLx. *m%.ft&\z{$.m~t z z t Sj^m-z&z o mm^m^^ n^ft^izts^x it. 
mmt mtkit^rto^mftkz ^^fc. mmmft izisnz d i g^Mtisi, w^ft 

~zmt]uLtzM&. mm^it^fnitDi g^mi^t^^tttufl^T'!^ * 

fz. Z<?) t% . Dl g <7>%3a*H^-t ^ftto 0 ic . Dl a<7>mm-&M%.L . »*fefb^W* 

iitt^t M«a sa<7> d i g <^ to*i$f& fb^^; * m to $ -e ft to- o ^ a^«H fla t ttm Lxmm 



& mfeUft tc fcuT . s F R P =k V/* £: li f$ i£ ^ Ml H ~t -5 z t \z «k 9 . sFR 

P colEBiiJ «k ^ / /S^tt^lf^i-^f / Fffl^%--t-g.fb^^^f#^ C t b*T*£ Z>» s F R P <D 

%LM*m^~tz ifm^^-tz m <?> m fen it. d i gifEF^rnx«#t p m$im 

[ 0 0 2 9 ] 

D 1 g Ifif Xi^ t P ni#Lf^i*<^0fla^ffl v^T . 3 ib [c . sFRPl€f<7)>f 
>i IBSt * fFffl «k V/ £ li s F R P feT % Hft > ^ -fb-t -5 fFffl % * * itttm 

<^ra^^>£*iijfeor^"e*>*. rs f RPi€f ^)>f ^ft§a§t^fffflj ha, dn 
asts fFffl ^ 7 . r s f Rpme^^m^ *>nt-tzftm J t a. sFRPifif* 

<^> x P iy > X tc ft fin 3 ti > -f- >u * ^ fx 9 £ § fF M % ^ 7 . c <?> =k 7 & Ib] S 8c ic i± . 
D 1 g MfST * ^ t P ng#L©J$7i> «k ^ D 1 gjafeT-^^n t P nf #Lfftt/<7>^ 

j^<b. 3 <50 =k 7 ^rims^^k: ij x D 1 g Ifif * t XJRfF- t P ift^ i * 0 HQ <?> f$ ffl ;b*£f 
P3tfeT<^ > ^^fb^IU/EL. & tfcfb ^ }£ 8* £ * i£ «H H3 k: 1+ 3 s F RP ilfeT^ 

> ^ itm^m^ita^j^mm £ tt#^o i£ «h Jia ic & it s sfr pifef^ > 

itit LTg'> L £Jf ^ KM^fb^t/li s F R P iafe^ > * ;u ft* iSt -5 fFffl is Jc 

> X v£ ( X X df- (Suzuki , H . ) <b . f * -i * * - ^ * ^ 4 7 X ( N a t u r 
e Genetics) J . 2 0 0 2 13 If, p . 141-149). ? n t 
L-i'lifflv^DMH (differential methylation hybri 
di za t i on) 3(t> (Yan, P. S. ) <b . V ? >) — ti >i * ^ > *t - *f 
-^(Clinical Cancer Research) J, 2 0 0 0 ^> S6t> 
p. 1432-1438). glr7fcfei£*fl!v*fc 'It^MaPCRST^S^^M h 
ft(F 'J> (Tr i nh. B. N. ) h . r>V'yX (Methods) J. 2 0 0 1 ¥ 
. S2 51, p. 4 5 6 - 4 6 2 ) f^^a^fl^T't^. 

[ 0 0 3 0 ] 

D 1 g Mir^Xm^ t h ui#LKt/a . D 1 g iafeT % ft tc Dl g <7>f&m 

. 7 7 K aaxJ-, tit7h, ^ x x ^ , -\* ^ fe*^ If <b tl -5 f ^ + ill 

^ x^i5!)^t-§ So D 1 gS^fXa^t FiHijififtt, ^ - yf >r > 

ft M T § -5 [ Ty-y ?-y*T •(>' r : 7 7° 9 ? ^ ^7 ^ ~r 7' u — + ( 7° 9 ? t a ii 
>l t -7' X2 — =f- i, M — X 212) (Gene targeting:a pract 
ical approach (Practical Approach Series 
212) )J. %S2ffr. 2 0 0 0 i> a A \ - . 7LH>n (J oyer, Ale 
xandr a L. ) S. EdLS JR : ^- -y ^ ^. 7 ^ - F ^_ - > 4 — 7 > ^ (Ox fo 
rd University Print) f] . y -> rf ^ > rSTtt, tf, 
r ; A 7 >f 7' 7 'J - «fc *) mm Lfcyn->ttJ:lc, ^mil^* 3 &u D 1 g 
t?=i>Xh7^P ( 9 - r ^ > r ^ ^ 9 - ) % fFSU L . E'l4f^*Efla ( E m b r yon i 
c Stem C e 1 1 ; WT, E SMB t iSSt^ :Hf>5) tcJtfeT^A L . fflfa] 
ffim^.**^ DfcDl gifeffS ?P-y^#5. r^mil^* 3 D 1 g J 
l±x D 1 g ^^M^mm-f^ J= 7 >5r^S. S fct±^51€T**=« - P -5 lei^iitt 



iH'ts^^itD 1 gmir^^MM-f h . Dl b mir^^oo^mcom Alt . 

it ^ J¥ A £ t4 g III ^rtf & 7 C i: \Z J: 3iOJ:7*^S^^A^^*. 
"7 n t — 9 — % tz It ^ ^ V y CO m&co ffif$i . 3bSvni3 K ><?> trc A 3X "9 t£ fc* i* ft £ d i: IZ 
X *) , D 1 g co T £> £ VM4 ^ L *z J -y 9 T *p P v ^ X jb'fPiH T- § -5 . 7 o t - 

^-ItlJx^v ><7>ti^<7)^i^i-^ ^^tcipAi-^iafe^ i: L T 14 . « ifW 14 it T # 
» ®\z.\X^jr^^isy Wtt it PS ^ 7n7^y y m '14 it 7 . If* Kfl^tv^y 
> Wttim fST ^^J ^ § ^> o 3 z [c tfij ^ L tzMizT \il^lz, is — y 9 -Yn- a > T? - 
ffli%}\zm^ih ftTu S jfiftTtts v^f ntfffl^i?f>§„ ES*HHai4. # P mi #L ifi 
com^mh-h m £ . $l;cl4. ^<7>E S«H)j&i: C57BL/6v)^tC 

BA/J N C r j ^ x <0 IS <D ?l *1 1? - ft EE « fc> ^ ffii L tT T 2 E SBB^m^X' 
9 - a > 7-< 9 9 -^mfc^mX L fzE SMmfr^co . ffl [b] ffilH C D 

1 g iafe^ 1 * n - > <7>3lSU t4 » 9 - r -r- -f > 7 ? 9 - % it fe^ 1 ip A L ? n - > ic 
out, f ^Ifefltitft^CticJ; ^tT'Sl-o isfe^ m<7>ffiffi It » PCRifc 
14 -4- -f > 7' n -y -T- -f > r v£ \z =k 9 ff * 7 d a*"? § 5 . P C Rlctev^Tli> 7° 7 -f v - t 
LT^-yfo/^M-t^D 1 gjifeT<^nl^^*ffi£U^<o 5 S:£* , >'=f^ Htf 
P 4? Jc V t - 9 - U fcli^^r 7 > <7> Bfcig ~t 6 #> lc A L fc£ fe^ 1 SB^EflJ 

ij^b^S t ') n tf F^ifflt^Z tt J: 1 > Dl g fefc^n X Z Z t 

i?«T' S * . -4" -f > 7* a -y ^ a > ^vilc teox li , D 1 g 3afeT * t4 <?> 2c (f <?> DNAS 
jrij % 7" n - -f t L T ffl T tfe i±5 £ tl D N A <^ ^ X \z J: ») . D 1 g m €T<^ A^ % tfe ttS 

i- § c t t)*T* £ -5 o Jb^uii, ^ - r t a > r-* ^ ^ -<7>ftMic _h ie ^ 3iJ ifiit it T ^ ffl 

t fc*-? § S o c<^i7lcLTl#btifcD 1 g ^ n - > t P ng #L Kl <^ S ffl 

IP^KMfla (blastocyst) * ?c li 8 $3 A3 KB IE ic >± A L . ftttjg^JISk: L IgJtt 
<?)#t P m$LW]fi}co=f- gtc^tl-t § z i:T-. jE$f&D 1 gIfEfl^toi§i:faLf; 

^^tctt. M^geicJ:^. ^ t u Xm.Mi¥t)*m h fi & „ * ^ A*M#li. -^^njtfe^A 
M M it TO ^ ^ S£ lc =k 'Jlsza'T'ls. 
[ 0 0 3 1 ] 

fb^t/ii. d 1 g <^%^ii^ffliu «k * rzitmmm^m. s f r p <n z&Mnm&m & «k v 

l^y> LT<JfflT'§ -5 o _h IB f b ^ ^ fa] ^ 77 v£ lc «fc O Uhtitz s F R P co^tMSs =k V/ * 

/ * rz it ft m m t LxifflT'g So _hiei , b^^<?>iB]S7^vs tc j: 0 #*btifciitai^^*ia^ 

ftm*i?-t -5 fb^t/a x s f r p <?> > ^ ^ fbPflSSJfc «k * > ^ ^ fb^J . sFR 

p co^m^ ^»J4j «k v/iL tz it mmm^rn. tammm. ^^^^itmmm^comitm^ & v 
mmumoomm. Mz/izmm-m^oom ±. ^rzitftmiz^mx-^^ a ztz. _tiefb^-^^ 

^4<Hlo^ffluT, D 1 g co^Mn^'Ais J: V/ * fcl±*»^if^l^^ . sFRP 
>u fbSSy^^fe «k y/lf:Ui > * >\, Itftlk. s F R P co^M^^^is X U/ * 

ttx ±Ktb^-^<^^^ < 1 1 o^^tmic^-^-r s . i>5vMi, w***<7>»ijia*fctti:g 

^«HHat*#lc > tr P a T- ( i n Vitro) g)H3*5 3 ktJ: D HfifcT § S . HtAI 
f^IS^)il>Sv> ii Hi *§ ^ ,m (?) |9j it 77 v£ «fc V/*fcttv&«J^>*l±. 14. Jiffifb^ 



m<r>'M% < 1 o % ic -5 3 t \z «k ^tT*§5. 

[ 0 0 3 2 ] 

D 1 g ^^mJt^SUfe «k V/* fxliflMifMx sFRP^)i ^ fCffl-S^J J: * 

tzitm. * * >i itm. s f r p <r>3&&mmmis * u/% rzitmmm^M. tummm. #>sv* 

ItmMfe&toWjikMis «k V/is tzlt^MMlt . m^li. 1 ft is tzlt 2 aiil_h^>g*_hfp# 
2ftSfi#; (E^fflfi#) ^ffluTliffl^i: LT«l5i-t* 3 4: * Lv^„ Z ft ^ 

M?PJ4Mc^3sftSlr^/j£7><7>Mld:x KiBH^'biilCil^^n^o oi^t. #3 0. 0 0 0 0 1 
J^i7 0 11%, £f Us L < ti 0 . 0 0 0 1 Jil5Ii%gg^)ilB t ~t S <?> jb*il ^ T* c$b £ 

SPJ s =! 7 — V > . # if — ^ ~Y >V n — ;u , £ 'j tf z;i,t - D 'J K > x # >l & *r is tf — ;U * 
'J v - N T^dp>|St-^H';^Ax ■f'^f- * h ^ > . ^7 ^ * x > * ^ * ? - -f- + h 

^iA, 7 f > x ^f- > 9 y if I* . T => fc? T xf A . 7> -tf > . -tf 7 > . » 7v x 7* 'J -b V 

> . 7° a ^ u y r 3 — >v s # >; x =?■ u > r u — >i , -7 -b > . > * ^ "7 > . * -f - t m 

;U T 7 ^ n — , X -f - 'J > |g£ x £ h JIQ. ;f T 7 ^ "7* 5 > • N > h — Jl x V ^ tf H — ^ x ^7 

H - x^^^t-fb fts o cft^ttx 0fl^)lff^cft i; Til^: HIM * tt 2 fiMW±.^ffl 

^i±xf$ffl^ft^o p/fmicj:^. a ^ <?> s a m ftsi 50 ic fi£ ffl 3 *u#£ &fi<7)^^. fj^ti^ 

/SfbM. SgffflK ^^fbM. ^u-h^J. p HiiMiiJ^^iiSffiffl L-r»it« 

C 4: t X' B Z> o & S fbmi i: L T tt . #0 x t h JflLTfl T ^ ~f 5 > ^ ii^<?> L - T 5 ; St. M 

fflT*§ So fff 3 cd ffl. & a \z =k ft It x * $J fiK t> <7> ft ^'14 S =k ») ± 3 -tf W S it q sb* S . 
_h IS L - T 5 ; H \t . # lc It * < . f J i. U ^ 'J y >\ x X t 1 >f > . r ^ 9 5 > cT) 
^ftlT't ivn MM ^ iff lc Fi/^ li * < . #0 ili^^n-^, v y ) - x x if => 7 h - 7. 

s >f ^ > h - , * »; h - ,U ^ c7) T >l U - Jl N ^3 

;u a — 7s #: «t iff tc Fi S tt =5: < , i * >i -b >v u — X , x f 4 t ^ o - 7 , t Fn^yi 
f 4 -b 4 p - X , e KnJfy t h'n^-y 7'nfi >f Ji-bin-x 

. ^74*^7 if ^t^n-7f h 'J 7Af <7)^f tlT'^iv^ H ffi ^ '|4 M ^ iff lc Fl & It 
ft < . * VIM *>'l4?l®v$'l±SiJ<7>i^-f ft^^fflT-S S. cfticii. #Jx.li* 

'J t^ry xf L y 7 ') X7 — >l V ;U t" ? >' 7 i i X 7, r ^ ^ , aH 'i 4" ^ x ^ ^ U y T >l 
;H-f 4^, V 4, tf 7 > ■ t ; 7- y >l x X -r- ;U ^ . HSf^'H: 1 ) K ^1 # $ ft S „ 

liiuxii, * *y m . ] ) y m . mm. ? x y m . £ -t; ; ij -7° u y m . r >i 9 ^ y 

mz>& Tf/t. rzit^fL^izttjfc-t&m. ( m it ^ n <b co -h h ') *y uu. ij'i^^u. ti >i 

[ 0 0 3 3 ] 

±ie^aufc «k x/isa^ftu, igv&M i: LTf^fflTt So -e^ffe. 3 ft % at Jis se J* ft 

•H ® tc If SU L & f$ ffl -t S c xx t °T IfsT* ^ S o 
[ 0 0 3 4 ] 

±mmm^rzitmmm.^cDm&Wimitm\zmm^fi'f. ^^^nn^m,^cD^m , \t. a 

Jf^FJx S^f^g&x i£ <?> f i KM x (#Sx ¥(t^x m ^fc «k rjfftiL<7>E^c7)fgfflc^ 

^•MV) x fciVgSgfil^fJIff lcffii;TllHR<?ti«. -^^tctt31x4ftfflattx 
fJxlf^f^)#Il kgcBt^SO. 0 UgJISI OOmggg, tfH<liflO. 1 
m g JiS 1 m g gt^IHT'i S C t jt?*#f $ L L^Lft^^x ^ M7>ff ic is T J: < 

fahntzmmitcDtztbcD-WL%i%nm%i^%kiz ^ *> zn^mAcD^^^n 7 3 xx ^t-§ s 



. ±ief£^MiJ 1 B 1 ft M & HI ic frit T & -5- £ Z t . Sc H *fca»ait 1 0<?> 

9J W X fa fc: 8: -5- LT t iv^„ 
[ 0 0 3 5 ] 

Jr. IS ^ mi * /zligisffi/^^jlfflT §4^1 D 1 g I: J; 5 s F R P <7>l£3E:te 

%<r> \^~f iilz t jiffl ht8Et?*> £ „ Dl g l±1I *<^ffl**^fflJiak:i*v>T#3Bfalc:IE3&LTv* 
Kt*^, Dl g<7)Mat^$Bft<):5Dl gti^^f&Ttt. ^> JNH US k: 

'MB«x + Hrtiffi. JfFSi0. Hi It ft. RSRft* H«*S* uf&ffi. # ; /a* 

V/* fcl±«&8fc<7>©T\ *>4vMiD 1 gJafeT^D 1 g <?> <b ft S ttgg ic Hffl i" 

& z t ft So =fc 9 £f * L < a . Dig +/-^ H 7 *k:i? v^T&Jf JSfc =k U ') > '< 

m&mf& z fitz z t & h * fcmmis &u <) > ;<m\zmm-t z z t &mw;2 , ±.mmm 

* tz\t mmffl.j&®-&& j ftz t b \z it . mmm $ rzitmrnmrn^^j^^-nx-mm ltu 

[ 0 0 3 6 ] 

1*1 S-^* ©Jit 1*1 S ^ ^ ft * ftT< &I*J* i^fif -N^S4t¥lf§Ci:i!)*T'§§. *>^o 

* m ,«jc s ^ -t s m& nmmiz &m%riz * *> a^s^ts - ht§s. 

[ 0 0 3 7 ] 

* rt.au* KM * m*50* WDKSK MM* ^^-h^If^i^g^-^l^, ^Mgv&M. 

x ^ ; - ;u sst$ajij . mwm * h^mlm . * v - am . > ? n ^-^ ^ h >w<7>nm 
mum. # feu m (&mm. mmm) * mmm. us a so * ^^j. htsu* &mm 

* Ml, RffJ, 'J-A|, S ^ -MX m * JS*!iJgl«RiRI!I#k:^«$ti. ^-ti^tiiiS 

[ 0 0 3 8 ] 

d i g <t> ^3^fe =k xf/ %rzi$mm*m^-? z tzdbiz . d i g m & =t % tz a mm & =t * # 
So mmiK^rdmmit . ? 9 -\z x *> mme^^mA^ ritzmm^^mm^ t lt^ 

) . JffflJiartffi^ifeffla*fffJ^icffi^Lfc^flg^k:»lt!|-ts c i: tTS 5. al 

=&^flg lC |f m-tz z t tT§ So al^Tvn^Mli* 1 B ic 1 0 * tt St [Hi k: T & -5- i" 

^p/fffljaiS^a-^^ -f ^ ^ ? -^g^ia , — JK: fa ic ffll £ U u hnv^u^H 
- T * tl It 1 B £> tz *) faM. 1 kg*fc!l L hn^^^^^^ffih L T ^ 1X1 0 3 p f u 
1 X 1 0 1 5 p f uggttl-^^ot^. MM + cO*M^^Jb*p)fSc^ jlftT^: 

i?A$ tifc«H)fiT*>Sit^tt* 1X10 4 /t h frh 1 X 1 0 1 5 /t h g^coiB 



^iLl^ fifeT<^#:|*l * l± *H 1*3 ^ tf> A >i UTIJ, # ^ -f ;U TVftcO h 

^ 7 y — fcfljffl L *z?7 v£ t itm. L T . ^t^'ttfc J: VlS^te*) ^TMftlT t> 9 fc> o £ fflli T? *> 
•ft A, *7 A^itvi ; 7° => * 5 K D NAtti -f > fcf # «S ft ffl ijt IC& A £ * -y K D 

nas ; ^MiEUt^ * v-aic^al ^ a ft t ^ jnh Jia tc ^ Ats -v 7 * v 

- A>£ ; 7' 7 X 5 K DNAt4?3 - h L T ?S JEE H lc =k X %Q M 83 lz $Bi ft \Z DNA^ 

mA-tz>mmMfc z Fm.t n ; d n a%w a l ^ # v - a t ^fwatt> r a ^ 

fci±S»«BJiak:^^-t5S#*k:JfS#-r* 'J K D N A t *S # % ffl us k 

-DNAf n#S I DNAtfULfc 'J * V - a <?> ft® ic U ft ffi ifft $ « ^ © *ffl B^M lz 

M □ i"^t/L#^la □ ^ -tfc a ) # v-A^ffl^s >f a ; * v- a^^^h* ^tis 

o ^ 60 ffe , #'1 V-^-<^f tfflV^h 7>X7i?y 3>a^btlT^§. # ^ 

-f >U X'|£<7> h 7 > X7 a: 7 ^ 3 > li _h IB $1 ^ IC Fl 2 fl ~f . *7 A >l 7^ 7 9 - ^ ffl U if 

icistefflaitfctteiflaaBJiaicaft^* i- 7> *-7 ^ 7 > 3 >^§ ^ ^ v * -? n <?> -n m 

m hT mx 3h Z> . t» >f ^ x ^ ? - % {$ ^ -t § h =, > 7. 7 i ^ x a > vi tc i> t . h 7 y 

7 ^ 7 y 3 y IZ & m ~t & V ? — t LXlt. I L < li L hD7^U^H-t#J^-? 

§£o U Fn^^iX^M-i^^RNA^^iX^^-^DNA^^iX^M- 
7 — fcffl -g, 3 t \Z *) ^/j^^v^SJf i]^mT*£>& o 5 «b lc. -5 >f 4, * ~* * 7 — * ffl S 

h7>A7i7y3>aiCfcPT i b, I-<? ') * 7 - A IC It A L T , <^ V # V - 

W tcff x. -5 tzdb . <y A >i 7» ~* 7 y - 'J # V - A «t <?o if 
tt> Iv^**lt4Hi4. iifc. >) * V- A*fflv^fc?&a?k:4fV^T. 'J # V — A ft* 

# v — A **$F is L . ^ ^ S h 7 > 7, 7 x 7 >• 3 > ffl -5 7 9 - <T) m U ^ <^ A li * 00 £ 

[JxL 7Fn#l-y 3 >, M yWiil 1 is ^ A#cit>£ . ^ -f ^ 7. ff^H^ A^ * *n 36 h i~ ^> 

. IE Hate D N A^ii A-T -5 ^M#ff lc tev^TEC^ ^ fix §tt<^77 7 : t i'T* 

S-So J^MiK»$*ifciHBJiai±. -etiS^^Bt^fliTE^^. jftSlflf^fc^tfiil!: 
LTflJffltS C fctnT^T^S. ft h 7>X7i 7 > 3 > ffl -5 7 5^ —<7)MlB.lZ V^T . 

ipA^ ti^mft^ l±. D 1 gl^f ^)lSS?Jff icSo'v^T, ituiB^n < . -^Wiaft 
TX^^^vSlc J: 0 #^lcM3t • Um-fZ Z t i'T'l ^.o iaftT^apA-t^^WffllSfc Jc 
V IS ft) fflU m it . mir^^m<^Mmz Jc *) mKMR-tZ z t frXB fJx.ii\ IgftJiHUah 

l t x m> ^ei. *i jni # ijffl na . wfffl^a. jtjfiL^ifflfla^^ifflfla^^i-f s z t **t- § * c 

of ftfe T* cB -S c 
[ 0 0 3 9 ] 

Z tfrh. D 1 gl^f tek U/^tz It D 1 g <?) f£ 51. jo =k V/ £ ti fi^^ *ft ffi i" 5 Z 
tc ck 9 . BtJ»^^«o|^»f**or^-e*>*. ^ t> If lit ii . <W ^ M ^ «k 7 t -t Z U & 

m») tout, di giftffc^/ifciiDi g <7)&m.ts &u/3Lrz\$mm-&m%.L 
*&m. t ztk^m^m^xmmxB z« jEm^nmuntitmLx. di g^in 



is «k if/% tzi$mmt)*&T £ fcti^^ Ltv^/c t § . MM^-ttdi^lflli £ £ lit $ AH AS A 

*) izis \^xn izumz n-?. ±m±w\b%:<7>&h*> & ffl.m*>mm. mx.it. mm. ti&m. 

m. ^m. Mm. m.M^ffi£fzl$M&ttnW^^fa^M&^<nUn*m^X*% £>£o 
tJp/fmtc =fc 9 lit # ^ t£ B£ ^ ft LT*£getjm^Pi!J LTfflv^ c tf?§5. t£®B±. 
y ;^DNA$ta]lcIif!fflLTt i < s £> £ v Mi 5? flf ifinc P CR * fz It * <n ft <r> if rf>@ 
vS^fflv^c htcJ: 9l$«[cifi|)gLTt£v^ RNAtfcttc D N A ^ [b] tflc ffl o T ^ 

<kv*. t^tima. isfc. m is ae ?u <?> & m ^ # ^ ic -* * a 4- <7>jra. mz.it$i'&. mmm 

it. S tz It F -v h 7* n -v -T- -f > r^tc =k 9 fUSSi L T t =k Dig <?)^tMis =fc ^ 

/ £ fzitmm^wimit . ±.ittm*&m LtiMix^^, 

[ 0 0 4 0 ] 

WTx *^BH^^m#jic*o*# M#ff3ici^B^i-^ ^\ ^mnitrm^mmmizm&^ft 
[^«E0J 1 ] 

[ 0 0 4 1 ] 

D l g ) v ? t 7 h v *J 7-. <T> ft M 

< nna =k vu<& > 

1 . y — Y^iy-r-<99— coffin 

■v^xD 1 g (mD 1 g) wyj ADNA^, TT2rU7 ^7 'l-i^mD 1 g 
cDNA^)7; ; *^IiaJi (T; ; 1 — 1 1 2) ^fflv^TX?V--> 5Ctlc 

& >) tg-MLfzo MLf:?a->tpBluescr ipt I I (Stratagen 

e ?ii ) <jo E c o R I g|H5 tc +»- 7* ? u - ^ > 7 Lfz* 9 — Y^r ^ > 7\t. m D 1 g it feT 
a mH I -X h o I m^^ir^ A x > ifirt 14 it T t liti =k 7 ic^ff- L fc. ffllU 

tt<^^^<^^(j^ii^^rV>2<^+3i^O. 8kb B amH I - C 1 a I Y J UM^^. 

MBit 9 . 5 k b C 1 a I - X h o I mfr^m^^fz* ■^nt-?-feiy#'j77'il, 

- >< a > > 7*^- >i ^ai^S LTv^jrvUt^^y > frt 3a T li . m D 1 g DtA"^ C 1 a I 
SP-fe tc x MV-yH> (blant-end 1 igation)fc=k^-f> 
7l-ASt^ (i n-f r ame f us i on) Ic «k ») A L . #<b*i£:-^7? — & 
. p B 1 u e s c r i p t I Ilc^^^n-->rL, No t I T* V\ it t £: . 

[ 0 0 4 2 ] 

TT 2 E SIHUaii. C57BL/67^^hC BA/J N C r j v 7 7. fgj <^ f f f| l 

ft (f i) KSifla^^tftrL. 7 >f - r - flu iia ± -? ts ^ l 7 ^ - y-mmt u, as 

£ 1 4 0@7»)XR^ «b LTv07^ y >C (Sigma ?t«!) «HI L £#J£3£*t 

tftt (DMEM> NISSUiai) ; 1 5% serum replacement ( 
Gibco B R Ltti) ; 1000 U/m 1 leukemia inhibitor 
y factor (Gibco BRLttl) ; 0 . 1 m M 2 — * >i ti ~7° h ^ 9 ) - >i 
(Si g m a a SSI) ; is J: V 1 Xtt'&MT ;;|(Gi bco BRL a SSI) . T T 2 
E S *fflfla ( 0 . 4ml <t> M >^Mirfb4£lI^^7k (PBS) IBflafC 2 X 1 0 7 ) tc. 
50Mg<^Not IT-ittfbLfc^-rfo/^^^-^B i o-Rad GeneP 
ulsar (80 0V. 3. OmFDlc^^) ^ffluTxL n nta - y a >l:J; •) F 
=> is X 7 a: ?y a > L . If «b ti ifffl A3 * 8C <7> >f >v ^ ^ Ic ft ft L . 1 5 0 fx g/m\ 
G 4 1 8tffluT*yf^7*tt ? y 3 > t/X^ B ^b^lJn L fc„ x U 7 h a # U — >- 
3>^)1 OBtlc, =m^-^ff3XLT h «; ^^>«tHLfc. fMM S<^> 8 0 % tiff L 

v , 7 ^ _ ¥-mm±.~z°t%9. &*) ^mmmiWmit pgr ^tficffli^mD 1 g mm*. ? 

n — x^lftai^ff'flrofc. PCRIiEX t a q polymerase (TaKaRa 
?hSll ) * ffl T 3 0 *f -i 9 >i if * o o §^O^lcfcv>T, 9 4 °CT* 1 5x Pe9 <7> '14 . 6 

- se^ij is j: v t > ^ -fe > x 7° 7 >f v - ^ T tc ^ o 



[ 0 0 4 3 ] 

-fc > 7, 7° 7 -( 7- 

5 — ATGC C GGTC C GGAAGCAAGA— 3 ' (E#Jg-^5) 
7>f -b> -f v — 

5 — TCTTCATC CTGATAC CTGTA— 3 ' (E#J§-^6) 
[ 0 0 4 4 ] 
3 . > 9 <JO ft M 

^ > ^ <?-> ft ssi a s ( r 'M * ~? — ^ T ^ >- — X 8 ^* - > 7 - Y t- >f > ^ £S 

«Hiia%fflv^fcxav^ ^<^ftsa j . * : +i>rs-. ^±n. p . 1 1 9 - 1 3 4 w) icie 

Sw^aictoT^ILt. M#ftlcii. JiiB^a*SfeLfcE S«BJfi<?)JK 1 0 M*. li 

.Dig + Afc «k 1 g -/- 7 7 x^fFiULfc. 

[ 0 0 4 5 ] 

ff^y&77 Xfc J: Df/£|&7^ X <7> ja fK ^ ^ P C Ry>#flC J: ►) ^JtHftlcfSS L fc. ff£ 
M it jV T ti , mDl glif^)t>xt^^Htf F (5 — GCTGTCAG 
TC CACAGCTAACACAGGCTACT— 3 ' ; K5U S 7 ) fc=k^7'>^>b> 
U'l^^ntf F (5 — TGTC CTAAGTTAAGGAC CATCTAGAG 

ag c c - 3 ' ; mmm^-s ) t^^v-tufflv^tpc R^mias^x 5 o 3 b p 
commmw t Lxtkftz ntzo $zmtt * a- v >f ^ > m ^ -t > * n * 

'I^^Htf F (5 '— TCGTGCTTTACGGTATCGCCGCTCCCGA 
T T - 3 ' ; ge#J S ^ 9 ) t ±|fim D 1 g m faT <r> t > -fe > * ^- =f 7. 7 u ir * K ( £ 
8 ) tffl^tP CR^IfficfcuT 2 7 3 b p <7>Jg £ L Ttffi $ ftfc. 

[ 0 0 4 6 ] 

■4- +P > 7- n >y h 5> #f * fr * 7 1C . |f4il77^«?)Si*«7)DNA 1 0 m g * E c o 
R I UiftL, 0 . 8 % T if u - X r >i _h T^5v*ifr L . - h u -b ^ u - X 7 ^ >i 9 - ( 
H y b o n d - N + ; P h a r m a c i a it 881) It^n y f -f > /L, rf ^ ^ r — > 
L 5 ' 7' a - 7* ;n -f 7* 9* -i -M — is 3 > 2 Mfz« 
[ 0 0 4 7 ] 

5 . D 1 g Ir fi H f& <?> f« 

ff v ^ 7. <t> US >§ rW (Brain 1 y s a t e) §SDS-P AGE TJ^ffi L . 
)jiD 1 g tfittfcffl v^T u ) "7* a -y t >f > • r*ff 4 o Tz« ff £ !£ v 7 7. <t> jjg fjf ft 

L . MMcomm^ v ~y t — (Tr i s ( p H 7 . 4) 100 mM. N a C 1 15 0m 
M x 1 % FU>\ NaF 50mM. Na 2 Mo0 4 50 M M. Na 3 V0 4 1 
m M . t -f X2 =^ — l 0,ug/ml . a -i -f * > 1 0,ug/ml ) tlifJoi 
L/io 1 5 0 0 0 rpm. 4 °C T- 2 0 t> L . _hvt * HS t L . iiSlfU 

^SDS-PAGE (6% # M 7 V >i T $ H r >i ) T-S ffl L tz . h 7 > X 7 t - m -v 
7t- ( 7 ') y > 2.92g.Tris 5. 8 1 g, SDS 0. 3 7 5 g, J 
- ^ 2 0 0 ml/l 0 0 0 ml ) * S * E £ ■£ )t Jfft 4 tft ~? o T . r ^ J: V > > 7* U 
> (Immob 1 1 on-P 'Ml LL I POREtti) * A . 1 c m 2 $> ») 1 

. 4 m A <7> ^^T- 1 If fflibMtTK? Lfc. > > 7* U > % 5 % 7, * u 5 ^ 7 £ # t? h * 
*!§rft£If J^Tk (TBS) T-3 0^^7*n^>rLfc t fjt D 1 g ( T r a n s d 
u c t i onltl) ^ 5 % 7^z,;i^#t?TBST'ISiL, > > 7* u > I: i T L 1 
^l^ifa^-^g^Lfc. 0. 1% Twe e ntttsTBS?5^SftifLfc, T 
^ 77 V * 7. 7 r 9 - -B^S^-I/lt- 7 7. I g ( P r o m e g a i±tH) tTBS T^fR L 

T > > ■ -7 V y \z ffi T L . 3 0^P^>^-^-y 3>Lt. 0 . 1 % Twe e n^#t? 
TBST'5 ftmVcft L fc. ( N B T/B CIP (Promega 1±M) ^tbAP 

^ «y 7 t - ( T r i s lOOmM. NaCl 10 0ml. M g C 1 2 5mM))tc 
m L . Dig fE3S^ *ft tB L tz. 



[ 0 0 4 8 ] 

<*S*> 

%h ilfz 9 - Yh- 4 > ?m mWl. Dlgiafe^. is £ Zfmfz^FW-A^ iitzt^ALmir:^- 
m 1 - Alc^Lfc. 
[ 0 0 4 9 ] 

i3t\@^)#v^^^)ii*DNAt, 5 ' ~f a - -f % m ^ X *f *f > ~f n -v h 5>flr L 
gft (01-B) . Dl g+/+70XTMifittEcoR] #r Jt" A ft* ft D 1 

g -/- -v^xic 14 » fSE c o R I Bf >t <?> A fc* *ft ttS 3 Dig +/— v ^ 7. 

tcfc^TtJ. 1*1 '14 E c oR I Bf>T-4f «k VtSE c o R I Iff Pr <?> M ft to* tit ft 3 ftfc. 
[ 0 0 5 0 ] 

fcjK* ( in i — c ) . nALme^^mit. d i g +/+^ h ? xuhi ( w i 1 d-ty 

p e ) X3h *) . Dig - /- ~? O y^it^mm (mu t an t) T'tSCt fc*fitf£T-§ fc. 
£fz. Dig + /-^ r 7 7.14, £f£M (wi 1 d-type) is «fc y^a^ (m u t an 

[ 0 0 5 1 ] 

SSftaw^^^AiJ^^D 1 g <7>5£J&-&Mtif Lfc«S* (0 1 - D) . Dig + / + 
xfc j; 1 g +/-^ H 7 7.T'ii D 1 g a*** ft 3 tl/zo D 1 g + /-^ r 7 XT'^tii 3 
tlfcD 1 g<^Mii. Dl g + / + v ^ x it IS LT^4i)^f:. L ^ L , D 1 g — / — ~? 

[ 0 0 5 2 ] 

3 *l <b #S * fc* <b . D 1 g+/--7^xfcj:!;D ] g -/- v ^ 7. % IXW? § 3 t i?*BH 
b*Mc5rofco Dig + / — 7^xicouTii, IE. ff^ifi^^ xfc «fc VjS&v ^ t,^# 
5:^ S T-Sfc. L^L, D 1 g — ^i$£.'&mwmx5£t:~t & tzdb. f&M^ ^ t. 

% # £ Z i: 14 T § ft fc> o 7c fc* . Efe J: V*f £ ifi^ ^ * % # £ 3 i: # tz . D 1 g + /- 
7^XTMiD 1 g^M^TLTfe'), D 1 g-/-7^xtiJD 1 g <r> It ffi ^ L 

[UStefll 2 ] 
[ 0 0 5 3 ] 

D 1 g +/- tc u X 14 . f&±%\z ff oTI^lteiO 1 M > ^1 icJMff^ <b 

[ 0 0 5 4 ] 

Lfc. § ffi i lc o u T D A B f fe ^ I f ^ o , £i\ # ffl MH^I * * ^ v >fHSL 
, f -ofifflLfc. 7, - ;<c - $ v ? x ( o . 2 5 % -b* 7 f > J; V 0 . 5 % 

Triton X- 100) + ? 1 Bft-^n -v > rLfc&x & ffi ifft tfl £r % fa ^ F t7 
f >AE 1 /AE 3 1/L#fc «fc VI/l Dl g |/t#T* 1 B* -i > ^ ^ — > 3 > L . PBS^TS 
@gt^L ( 1 @<?)i5tf to§ 1 0t>^) o ^ <r) x x-n-;. V 77sT4/2 5 0 lfR 
L tr ^- ^ > fbl/L V7X ^ I g GlJi Utn. ry+f*? t^f I gG (Vec torttW 

) t 1 Bf n -i > - ^ - ~> a > L fzo ^Xv^ T* . §ffilit/]n-^ P B S * X 4 Mfcft L (10 

jfcft \Z o § 1 0 # ffi ) x 7, - ^ - 5 -y ? XT' 1 / 4 0 0 # fR L A B C ') 7 7 y 3 > ; 
777ft - (El i te ABC ki t ; Vectortl, PK-6100) t 1 

Bf n >f > d?- a. -5- ^ 3 > l fc. ^v^t. &m.mmpr-&p bs*x 3®vt&L ( 1 

lco§ 1 O^Pfi) , DAB-;£fi£(PBStK 0. 2mg/ml DAB. 3mg/ml 

v <t >i t > ^ — O U . 0 . 0 0 4 5 % H 2 0 2 ) X 5 t> fffl -i > - ^ - is 3 > L fz . 
>f > ^ ^ -< - v 3 > 14 ^ T ^ M T* tf ft o tz . 

[ 0 0 5 5 ] 
2. •^•7h ;i r>- , J>-3-^->-> 5 ftfe 



n -N7h^y ') > • x * >• > 5fc ^ & -o o 
3. 7D-^^h > h 'J-lCiSdlt 

IM<7>^/£ft*l£>a6 <b *l£ D 1 g +/- v ^ Jscomffl ') y ^W^m Htl L . $1 < ;>f LT 
ffi l$< l£ (5 CLfct. 1 0 0 ix m > -y >• =>- ~J a >i 9 - ^ M L T (5 <• ti 4 ft^ o II jji ^ «k V 

ffflM^s l . > ■ ^* us iHB aa * n sal l tz, it w wa 1 1 x . di g+/iv>x^si 
V > i if & h m # ic n $u v > ^mmm^m^tz. m^tttzmmit. ? >i * i> -t -f > ^ 

7 ^*>- T*- h (F I T C ) %*g£-3 i± ^ J/l C D 5 6 |t#T5fcfe L F A C S c a 

n7D-^^ h >-y--^f£fflLT. -7 a - -4- h > h >; - lc =k Hf Lfc. 
[ 0 0 5 6 ] 

<*5*> 

d i g 7. <7)fem mmm.mviPrit . m^-^iz^ ^r7f>AEi /ae 3 ^ 

fe k: » "?? *> o fc. rtf$£ tifzUmit . -t & JNH US £ 3fc <*> >T J» M p o r o i d hid 
r adenoma T*£>-5 t % x. hiltz* ^ W fit ^ ffi II tf] friz $s\^~Z . p o r o i d hi 
dr adenoma mBltfUD 1 g ta#"?35rfe3 ti & ft- o £:ft*. fJlfllitfiD 1 g f/C#lc Jc 

[ 0 0 5 7 ] 

D 1 g +/ 7-) x<7> y ^ | p ffl m V] fr % ^ ^ h y 'j > • x * >• > L i: 3 ^> , 

(it $ <7> m db h n tz o %tz. mmfttf&frMxb^fLrzD 1 g +/-^ r >- x^^as m > ^ 

IP ib^ SI SSI L ( 13 2 - B ) ic it . D 1 g + / + v ^ 'J > > < IP fc> <b H ®l L fc«H 

I® (0 2 - A) t ifcfESi LTx F I T C *S£-|/CC D 5 6 J/C#T*^fe2 ft £ JNH J® <o * Lv*if fin 
fc*i8#>«b*lfc. 02-AfeiV02-BT*tt, F I TCId^KC D 5 6 tt#T'tfe^ 
IfflljatJ. R2T-^^tl5fi (i + ^I^EftT'iltl/'^ii) lzWl±~? Z> K -v h T'i$ 
*l£o R2lc#fcf5 F 'V h^s 0 2 - A J: ttU L T 0 2 - B T- f L < J: ^ b , F 

I T C *S alftC D 5 6 ^#T*^fe^ ns»IJfi**D 1 g +/ /, -^ H 7 7.<^ 'j > ^IPtfev^T* 
L < it^jn Uv^§ c i: ft*fiJBH L fc. F I TCIS^SCD5 6 ffi#T'tfe$ tltlliaa, D 
1 g +/+^ H 7 Xc7> >; y ^ IP Jfffl US T H JR 0 . 1 0 %T*> o fc^lc^t L . Hi M fit !& Udb h 
ftfzD 1 g +/— vt7 x<7> «; > ^IpaHJfiT tl#3 6 6 . 0 3 %X*>o/co ff^ $ ti 'J > ^* 

Mii . mm^mi-iz c d 5 e \%w^^-t ^ z t . + * => >i * => - m > ^-it^^ t 

3§JLh*Lfz« 
[ 0 0 5 8 ] 

3 n ib jfgmfc* di g +/- a^jf Bt=«fe «k v > ^m**^js ^ti5:ti s 

WL, Ht «H JfiT? t± D 1 g fc'^lLTv^^-DfcC titi i b> D 1 g <^ =k V/ * tz It 

[ 0 0 5 9 ] 

z <?> «k 7 tc. Dig mfcT^XMlz J: 0 , Dig <^%3^fc =t U ttti^^i&T L . 

immm s ] 

[ 0 0 6 0 ] 

D 1 g <7>%m\Z =fc *) WffifrWffcZ il& > # — X^^tfeft-T S @^T\ D 1 g XWlC J: ») 

g +/+-^^ xfe «k 1 g -/-~?*7 x & * <t> v ^7 xK^^t^lfflUa (ME F ) ^fflv^T 
N « flg -t- 7 n U >f v£ ic J: »J ff o ^ . ^<^^S^. D 1 g-/-77Xi*MEFl:fc 
ulsFRP 1 mRNAfei^sFRP 2 m R N A tf> M 7 > ft* «b tl <7> T . sFR 
P ll^f feiVsFRP 2afeT<7)^fb<^«ffi 1 ^^'btcRT-PCRtcJc7tffto^o 
[ 0 0 6 1 ] 

i . fffldafe ± vigft 

v O ( ME F ) l±x D 1 g +/+ V7XfeJ:^D 1 g -/- 1 



s. 5 0 &<?>mfrbmm l tz. ztz. fcxvuM&MEF . mm l^mme f t-buiz 

BaL 2 titz^ttlz J: 9 ftM L fc. ME F It 1 0 % 4 1 fl& JfiL i* ( F B S ) 4? «k Utk^mW^ 
^bDMEM^T'inf Lf;„ 
[ 0 0 6 2 ] 

2. D 1 g ^ E 7vX7i?y 3>Lf;MEF(7)Au t o-MACSl:J;§il 

D 1 g -/- tK A if M'ffiME Ft, V7XD 1 g i± -5 ^ 9 ?-pMK i 

tneo-Dl g^fflv^TDl h 7> i 7 y 3 > Lfc. Dl g^h^ 

>X7i?i/ 3>L fzME F ^illKft tc^Mi" -5 fztb. pMKi tneo-Dl g t^lz 

. mm l fcH 2 - k k c * <^3ife^ <^^sffi^u ^mmm^ 1 oc^u) ^i^m^ * 

5^M-pMACS kk I I^3h7>X7i?y3>Lfc. 

a > 2 4 l^fW^lcME F %0i|X L . B P E ( 5 mM i f I > y 7 ; > Hft^ ( E D T A 
) ^ttfPBS) S II; Wo L . M A C S e 1 e c t k k 5 ? n tf - X ^ lc i 5 ^ ^ 

>r > df x a > l tz&.. GknfrMLrz* 

[ 0 0 6 3 ] 

3 . RT-PCR 9$m 

MEF^b, iRN A§ I SOGENE (N i ppon G e n e fttU ) ^ ffl T ft ft 
L fz. IHRNA (5m«) *fflv>, Superscript I I I ( I n v 

i trogenM) tifflLT, ($fflIB|f t c DN A^ilL t. PCR 

ItiX&m&l&ft X'ii ft o : 9 4°CT' 1 ; i^v^T\ 9 4 °C T* 3 0#lf LT 5 5 °C T 
3 0»BCjlViT7 2 °C T 1 5r ffl % 1 ^ >f ? i t LT 3 0 ; LTlU't -f ? ;U 

<7)^Ts 7 2'C?1 O^liOfi^ffi^JxfE. 

[ 0 0 6 4 ] 
< *S H > 

MEF (i, 2 ^ ^ x ( # 3 3 is «k V# 4 4 ) fc* «b * ft ft H $11 L (#33pr 

1 m a r y J: V# 4 4 p r i m a r y ) . # 3 3 is =k v# 4 4 It Z ft ft . 7 — r -r- ^ 

^ h D #1 - y 3 >' I: J: ») h 7> X7i ^y 3 > L 1 1 1 tft^> t ^ 

v i/ - icIfflfla^JStt L X 3£ SRJ 31 S'J % tf ft o fc&lc SO * tf> ^ -f v is b 5X# L ? n - > 
$fflv^TftiLfcv^x^teT*>^o #3 34*«MEF^b, * X if E F % fEW 

L t (#33 i mm ortalized)„Dlg +/+ME F 4f «k V D 1 g -/— M 
E F h ai t § R N A lz o T . sFRP 1UJ:VsFRP2 <r> R T - P 

C R iz J: 9 #ft L fz, tLfz. ^ > h a - ;u i: L X T 9 * > <^¥tM^: [Bj^lcMtt L fc. 
[ 0 0 6 5 ] 

:tlb3SI^MEF<?)v^ftllCfev^T ! t, Dl g -/-TMi D 1 g + /+ i: EtIS L T 
. sFRPl mRNAtei^sFRP 2 mRNAIi'S^LTuf; (03) . sFRP 

2 mRNAwfi^U, sFRPl mRNAtttiLT, «fc *) X 3h o T „ T ? > 
m R N A <7) M [c ^ f L ft 6^ o fz o 

[ 0 0 6 6 ] 

D 1 g +/+ i * 7i< X M '14 M E F . D 1 g -/-i^TkXillttME FUiVD 1 g 
th7>^7i^y 3 >L/:Dl g -/- t±3*7ky\±iM't4ME F^^ttttiL^^RNAlit 
fttcov^T. sFRP 2feJ:VsFRP 1<7> R T - P C R \z «k *J ttft L . * . 

§ai5fflv^TD 1 g^)^tl]t rl 7X7s 7*n -y t O 7*lc J; Mf^'o/;. * <*> *SH x D 
1 g +/+ tfe*7l<^^m'l4ME F Tli . Dl g^S^tif;**, D 1 g-/-4**^i| 
IttME FT'!i^(t^tif, D 1 g!fef*UALfcD 1 g -/-i^^XitStttM 
EFT'tiD 1 g +/+ E±3 * 7l< X If flltt M E F i: Eb ^ T M W lc li ^ ft ft* D 1 g ft 3 ft 

( 13 4 ) . sFRP2 mRNAU, Dig -/-4*^^i|ittME F lc fcv^T . D 
1 g +/+i*^Xi#»ttME F i: Ft IS LTfL <i^LTv>fc (04) . D 1 g3lf5T 
A L £ D 1 g -/-i^TK A HMttME F Til, D 1 gatft^^^ALft^o/c^t^ 
iritIS LT, sFRP2 mRNA^WLfc (14 ) » 
[ 0 0 6 7 ] 

3 ft h *b . Dlg^AJRlcJ;^. sFRP lfeiVsFRP 2^) f£3a. ft lc s F 



R P 2 ft -5 3 t b*mm Lfz. £ fc. D 1 g mfzl 1 com Ale =fc "9 . sFRP 

2 <?> l&Bl^: if -5 - ^ fc* of 16 T- #> -5. Z t jb* BH ^ fc* ic ft -> £: . 

[ n ± <o *u nr ^ ] 

[ 0 0 6 8 ] 

^isaHtj. Ht^i^^. m^ni^m mm*? > 0 j$ > u -out? 

[l3ffi<7>fg3iftt£BH] 
[ 0 0 6 9 ] 

[HI 1 — A ] 57 - r -T- -f > 7**iil^ (0^, Targeting vector^ft 
^ ) » Dl g it T )^ ( 13 + . Dl g Locus i:ft^) x is =k V at 1jc ^iS* A 2 ft 
M T> at IS T 1 ( 13 * . Dig r e c o m b i n a n t tft^) ^ ^ i - 0 , * 

* v x > ifiit 14 at ^ ( n e o ) It C 1 a I gPfllc >f > 7 u - Affife-^ic =fc 9 ff A L 

; <^ 5 ' M =fc V 3 ' ffl ic i± * tl -P tl 0 . 8 k b J; y 8 . 5 k b <?> ffl im E fll ft* 0¥ 
ft L X v^S ( A*ST*^^) o IB W. [i p B 1 u e s c r i p t tfe * <t> SB^U £ ft to i" . ^ 
f>^n-y h^tftfflv^fc5 ' 7° n - 7* ( 5 'probe) <t> ft H IS . 13 co T BP ic , 
>\A-fV 5M «tf - >• a > -t -5 if fn co ^J® ^ ^ Xt^tciLfco El * r B J ti B a m H 
I. r C J li C 1 a K rEj liEc oR I , feivTXj HXh o I tf4t5. 

* x ^EPfciVATGttD 1 g <7> 3 - H liR ts£ ffl £n t> * ^ "t . 

[01-B] i3ftl^)Dl g + /+^"7 Dig +/-^?^ xfc j; 1 g -/ 

n^^-ti3T-£>So 

[01-C] 13ft@^)D 1 g + / + 7.. Dig +/- V ^ 7. J; UD 1 g -/ 

S . 0 4* . Twild-typeJ tiff4LM<7) D 1 gllsf TmutantJlJ 
^Mfc*i?A$ ftfcD 1 gil^^^^-to 
[11-D] I3fti^Dl g +/+ Dig + /- 7 r )xfeJ;j;D 1 g -/ 

-7^x [c i? it d i g <^%3a^ . m^i^-^^ ^commm^u^m^x ^ u j 7*n -y -r- 

[ H 2 — A ] Dig +/+^ r 7 7.<7) -j > ^ffHc tt. F I T C *S^1/lC D 5 6 f/Ll*T-^ 
fe 3 tl -5 0 HQ fc* ffi 7 > ft c t 7 n - *)■ -i Y > h 'j — \z Jc *) m h \Z L fz H T* 3h 2> . 
13 4» x FLl-He i ghttiF I TCi^jaC D 5 6 S#lc J; S 

R 2 T-^3 ns«« (Hfp^l^fflftT'H *tlfc«^) tc^fti-^ H 7 h a. 
F I T C *S#tjtC D 5 6 l/C#T'^fej? nfeSHJia*. R 3 T*^ c 1 n*«isS ( 13 

raft T-H utifc^ijS) icr¥fci--s fnat, f i t c is^-iJtc d 5 6 tk it t * fe $ ti 

[ 13 2 - B ] D 1 g+/-7-)x co mm 3 tl 'J > ^ fp tc a . F I T C *d d fA 

C D 5 6 trt # T 5f!f fe 3 tl -5. ffflfla^^ L v ^ J# Tjn |g i6 <b tl 3 h % 7 o - ^ -f h > h 'J 
- tc «k 0 B^ fr\z L 0 T 3h & o 13 . FLl-He i gh tlJF ITCS^KCD 
5 6 f)t#lc J: §tfe«®tit, R 2 T'^3 tl^^lgX ([3*^fiJ<^raft T'ffl t 

tlfc«lsS) CSatSHvUl, F I T CJK^-trtC D 5 6 JA#-e5RffeS tlfciHHJia*. 
R 3 tl-S^Ilal (H^iPJ^fflftTHStl/i^lal) C#ftt4HvM4, F IT 

C Ip ^-1/lC D 5 6 t/C#T-!£fe2 tl ft ^ o /zfflfla^^-to 

[03] sFRP lfeil/sFRP2 ^^a**. D 1 g +/ + ME F i: FtlJ L X , D 
1 g -/-ME F icfev^TilLTufcC i: * §ME F ^ ^ 14 til LfcR N AMfi-^ffl 
UTRT-P C R tc Jc >)B^i)M;Lf:0T'f>^ T 7 ^ > ti fE^^ 3 > h n — T' 3h 
Z> o t^Mlc ti . 2 ^iHE^ 7^x (#3 3feJ:V#4 4) fc*<b**i-?*iW»ILfcMEF 

(#33pr imaryfeJ:V#44pr imary) . fcJ:V# 3 3i*^MEF 
^ ^> f^M L ^ X it StttM E F (#3 3 immo r t a 1 i ze d) tfflv^c. c 



ft <b V ^ * l± . ?-yr O ? ?~^E SiilC h 7>X7 I ?y 3 > LT 

# <b ft 2 o co ? o - > fc* ib ft ? ft fFSH L yk Wt T* £> -5 . 

[0 4] s F R P 2 <7>2E5tfc*. D 1 g - £ * tK >\ M '14 M E F ( D 1 g - / -U. 
E F ) tcfev^T. D 1 g + / + i*75<Xi#M'l4ME F ( D 1 g +/ + ME F ) tt$5t L 
TiKftiLfcci:^, R T - P C R \z «k *) Bfl <b t-\z L El T? £> -5 ( T 13 ) . * tz 
.Dig & * 7* ^ if M 14 M E FCD 1 g ilfeT^ h7>X7i?y e>f5: 

h «k ») (Dig -/-ME F : D 1 g) , sFRP2 <?> #E fc* it £ ft -5 3 ib*^J 
BflLt (T0) . D 1 g +/ +ME F lefeuT [ix D 1 g <r> 5tMij*%%db h fl tz fc*. D 
1 g —/— M EFT'li Ml&m^lf,^ <b ft & ^ o 3 t % . ^iX^^T-n'VT^r 
k: «k *) ffll^L ( _hHI) . ifc, D 1 g -/-ME F : D 1 g T 11 , Dl glfef^) 

h7>x7x?y 3>icj;>)Di g Ltzz th*mwtrz ( _hEI ) „ 

[ ffi #| ft 7 'j-f^-xM 

[ 0 0 7 0 ] 

K £U S 77 1 • t h D 1 g (di scs 1 arge) ni IS tF = 

Se^J g^f 2 : thDl g (discs 1 a r g e ) « 

KflJ § 3 :77XD1 g (di scs 1 arge) IfSf , 

Se^J S^f 4 :77XD1 g (discs large), 

ffifll S-^ 5 : 7"7^7-tLT(!flt5 fc#> CKfr £ fifzir ] ) 3* ^ ? u F, 

Se^JS-^ 6 : 7° 7 -i -7- LT($fflt § £:#>lcf£ff S ft£ t '1 =0^ ? I tf K. 

Se^JS-^ 8 : 7° 7 >f -7- LTftfflt § £:#>lcf£ff 5 ft£ fJ^^ntf H. 

Se^JS-^- 9 : -f ^ -i -7- Ltftfflt § fc#>icatr 3 ftfc t'J^^ntf H. 

le^JS-^- 1 0 : H 2 - k kit^T . 



SEQUENCE LISTING 
< 1 1 0 > DAI I C H I PHARMACEUTICAL CO., LTD. 

< 1 2 0 > An agent for enhancing expression of sFRP 

< 1 3 0 > NP04-1026 

< 1 6 0 > 10 

< 1 1 0 > Patentln version 3.1 

< 2 1 0 > 1 

< 2 1 1 > 2 9 8 0 

< 2 1 2 > DNA 

< 2 1 3 > Homo sapiens 

< 2 2 0 > 

< 2 2 1 > misc — feature 

< 2 2 3 > human D 1 g ( d i s c s large) gene 

c c 1 1 g g a t c t 6 0 

t g g c g c g 1 1 1 12 0 

tcctgattct 180 

1 1 g g a g g a a t 2 4 0 

g a a c g g g 1 1 a 3 0 0 

1 1 1 1 a t g a a g 3 60 

c c a a 1 1 c a a c 4 2 0 

g a g a c a c t g c 4 8 0 

a c a c c t c c t c 5 4 0 

g 1 1 c a t g t c t 6 0 0 

t c t c a t a 1 1 1 6 6 0 

g t g a t c c c t g 7 2 0 

g c a a a t c c t c 7 8 0 



< 4 0 0 > 1 
g 1 1 g g a a a c g 

g g t g t a g g c g 

a g 1 1 c g g a a c 

g g a g a a a a a t 

a t c g 1 1 c a a a 

1 1 a a c a t a 1 1 

t g a c c 1 1 a c t 

c t g t g a a t a c 

c a a g c a g c c t 

a a g a g c a t a t 

c a g a g a a g a a 

c a c c a a t a a a 

t c c t g c c a g t 



g c a c t g c t g a 
a g g t c a c g c c 
t g c g g g a c g c 
g c c g g t c c g g 
a c t a a g c c a a 
t c a g a g c a a c 
g g a t a a t c c a 
1 1 g g g a g a 1 1 
t a g c c c t a g t 
1 1 c c c c a c a a 
c 1 1 a t c a g a g 
g c c a a c a g a a 
c c c t g c t g a g 



g t g a g g 1 1 g a 
t c t c 1 1 c a g a 
c g g t g g g c t a 
a a g c a a g a t a 
a c t g a a g a c a 
c t c 1 1 1 c a g g 
a a a t g t a t a g 
t c c a g c c 1 1 c 
g t a g a g a a a t 
a t c a c a a a t g 
a 1 1 g a g a a t g 
g c t g 1 1 c 1 1 c 
a a t a c t g t c a 



g g g g t g t c t c 
c a g c c c g a g c 
g g g c a a g g t g 
c c c a g a g a g c 
g a c a g c t c a g 
c 1 1 1 a a t a g a 
a t c g 1 1 c a a a 
c a a g c t c t a c 
a c a g g t a t c a 
a a g t g a t a g g 
t c c a t g g a 1 1 
c c t c t c c t c c 
t c c t a c c c a c 



g g t a t g t g c g 
c 1 1 c c c g g c c 
t g t g c c c t c t 
a 1 1 g c a c c 1 1 
a a g 1 1 c c a t a 
t a 1 1 c a a g a a 
g c c g t c t g a a 
t g t g a c 1 1 c a 
g g a t g a a g a t 
t c c a g a a 1 1 g 
t g 1 1 1 c t c a t 
c a c t g t c c c t 
c a t a c c a c a g 



ccccagtact ggtcaacaca gatagcttgg aaacaccaac ttacgttaat ggcacagatg 840 

cagattatga atatgaagaa atcacacttg aaaggggaaa ttcagggctt ggtttcagca 900 

ttgcaggagg tacggacaac ccacacattg gagatgactc aagtattttc attaccaaaa 960 

1 1 a t c a c a g g g g g a g c a g c c g c c c a a g a t g g a a g a 1 1 g c g g g t c a a t g a c t g t a t a 1 1 a c 10 2 0 

a a g t a a a t g a a g t a g a t g 1 1 c g t g a t g t a a c a c a t a g c a a a g c a g 1 1 g a a g c g 1 1 g a a a g 10 8 0 

aagcagggtc tattgtacgc ttgtatgtaa aaagaaggaa accagtgtca gaaaaaataa 1140 

tggaaataaa gctcattaaa ggtcctaaag gtcttgggtt tagcattgct ggaggtgttg 1200 

gaaatcagca tattcctggg gataatagca tctatgtaac caaaataatt gaaggaggtg 1260 

cagcacataa ggatggcaaa cttcagattg gagataaact tttagcagtg aataacgtat 1320 

gtttagaaga agttactcat gaagaagcag taactgcctt aaagaacaca tctgattttg 1380 

tttatttgaa agtggcaaaa cccacaagta tgtatatgaa tgatggctat gcaccacctg 1440 

atatcaccaa ctcttcttct cagcctgttg ataaccatgt tagcccatct tccttcttgg 1500 

gccagacacc agcatctcca gccagatact ccccagtttc taaagcagta cttggagatg 1560 

atgaaattac aagggaacct agaaaagttg ttcttcatcg tggctcaacg ggccttggtt 1620 

tcaacattgt aggaggagaa gatggagaag gaatatttat ttcctttatc ttagccggag 1680 

gacctgctga tctaagtgga gagctcagaa aaggagatcg tattatatcg gtaaacagtg 1740 

ttgacctcag agctgctagt catgagcagg cagcagctgc attgaaaaat gctggccagg 1800 

ctgtcacaat tgttgcacaa tatcgacctg aagaatacag tcgttttgaa gctaaaatac 1860 

atgatttacg ggagcagatg atgaatagta gtattagttc agggtcaggt tctcttcgaa 1920 

ctagccagaa gcgatccctc tatgtcagag ccctttttga ttatgacaag actaaagaca 1980 

gtgggcttcc cagtcaggga ctgaacttca aatttggaga tatcctccat gttattaatg 2040 

cttctgatga tgaatggtgg caagccaggc aggttacacc agatggtgag agcgatgagg 2100 

tcggagtgat tcccagtaaa cgcagagttg agaagaaaga acgagcccga ttaaaaacag 2160 

tgaaattcaa ttctaaaacg agagataaag gggagatccc tgacgacatg ggatcaaaag 2220 



gcctgaagca tgtaacttct aatgccagcg atagtgaaag tagttaccgt ggtcaagaag 2280 



aatacgtctt atcttatgaa ccagtgaatc aacaagaagt taattatact cgaccagtga 2340 

t c a t a 1 1 g g g acctatgaaa g a c a g g a t a a a t g a t g a c 1 1 g a t c t c a g a a 1 1 1 c c t g a c a 2 4 0 0 

a a 1 1 1 g g a t c c t g t g 1 1 c c t catacaacta g a c c a a a a c g a g a 1 1 a t g a g g t a g a t g g a a 2 4 6 0 

gagattatca ttttgtgact tcaagagagc agatggaaaa agatatccag gaacataaat 2520 

t c a 1 1 g a a g c t g g c c a g t a t a a c a a t c a t c t a t a t g g a a c a a g t g 1 1 c a g t c t g t a c g a g 2 5 8 0 

a a g t a g c a g g a a a g g g c a a a c a c t g t a t c c 1 1 g a t g t g t c t g g a a a t g c c a t a a a g a g a t 2 6 4 0 

tacagattgc acagctttac cctatctcca tttttattaa acccaaatcc atggaaaata 2/00 

tcatggaaat gaataagcgt ctaacagaag aacaagccag aaaaacattt gagagagcca 2 7 6 0 

tgaaactgga acaggagttt actgaacatt tcacagctat tgtacagggg gatacgctgg 2820 

aagacattta caaccaagtg aaacagatca tagaagaaca atctggttct tacatctggg 2880 

ttccggcaaa agaaaagcta tgaaaactca tgtttctctg tttctctttt ccacaattcc 2940 

attttctttg gcatctcttt gccctttcct ctggaaaaaa 2980 



<2 1 


0> 


2 


<21 


1> 


904 


<2 1 


2> 


PRT 


<2 1 


3> 


Homo 



< 2 2 0 > 

< 2 2 1 > ra i s c - f e a t u r e 

< 2 2 3 > human Dig (discs large) 



< 4 0 0 > 2 

Met Pro V a 1 Arg Lys Gin Asp Thr Gin Arg Ala Leu His Leu Leu Glu 

15 10 15 



Glu Tyr Arg Ser Lys Leu Ser Gin Thr Glu Asp Arg Gin Leu Arg Ser 

20 25 30 



Ser lie Glu Arg Val lie Asn Me Phe Gin Ser Asn Leu Phe Gin Ala 

35 40 45 



Leu lie Asp lie Gin Glu Phe Tyr Glu Val Thr Leu Leu Asp Asn Pro 



50 



55 



L y s Cys lie Asp 

65 



Thr Trp G 1 u lie 



Leu Pro Ser Ser 

100 



Glu Asp Thr Pro 

115 



Va 1 Me Gl y Pro 

130 



lie Glu Asn Val 

145 



Lys Pro Thr Glu 



Pro Val Leu Pro 

180 



Pro Gin Ala Asn 

195 



Thr Pro Thr Tyr 

210 



lie Thr Leu Glu 

225 



G 1 y Thr Asp Asn 



A r g Ser Lys Pro 

70 



Ser Ser Leu Pro 

85 



Leu Ser Pro Ser 



Pro Gin Glu His 

120 



Glu Leu Val His 

135 



His Gly Phe Val 

150 



Ala Val Leu Pro 

165 



Val Pro Ala Glu 



Pro Pro Pro Val 

200 



Val Asn Gly Thr 

215 



Arg Gly Asn Ser 

230 



Pro His Me Gly 

245 



Ser Glu Pro Me 

7 t; 
/ D 



Ser Ser Thr Val 

90 



Val Glu Lys Tyr 

105 



lie Ser Pro Gin 



Val Ser Glu Lys 

140 



Ser His Ser His 

155 



Ser Pro Pro Thr 

170 



Asn Thr Val Me 

185 



Leu Val Asn Thr 



Asp Ala Asp Tyr 

220 



Gly Leu Gly Phe 

235 



Asp Asp Ser Ser 

250 



Gin Pro Val Asn 

80 



Thr Ser Glu Thr 

95 



Arg Tyr Gin Asp 

1 1 0 



Me Thr Asn Glu 

125 



Asn Leu Ser Glu 



Me Ser Pro Me 

160 



Val Pro Val Me 

175 



Leu Pro Thr lie 

190 



Asp Ser Leu Glu 

205 



Glu Tyr Glu Glu 



Ser Me Ala Gly 

240 



Me Phe Me Thr 

255 



Lys lie lie Thr 

260 



Asn Asp Cys lie 

275 



His Se r Lys Ala 

290 



Leu Tyr Val Lys 

305 



Lys Leu Me Lys 



Val Gly Asn Gin 

340 



lie lie Glu Gly 

355 



Asp Lys Leu Leu 

370 



Glu Glu Ala Val 

385 



Lys Val Ala Lys 



Pro Asp Me Thr 

420 



Pro Ser Ser Phe 

435 



Gly Gly Ala Ala 



Leu Gin Val Asn 

280 



Val Glu Ala Leu 

295 



Arg A r g Lys Pro 

3 1 0 



Gly Pro Lys Gly 

325 



His Me Pro Gly 



Gly Ala Ala His 

360 



Ala Val Asn Asn 

375 



Thr Ala Leu Lys 

390 



Pro Thr Ser Met 

405 



Asn Ser Ser Ser 



Leu Gly Gin Thr 

440 



Ala Gin Asp Gly 

265 



Glu Val Asp Val 



Lys Glu Ala Gly 

300 



Val Ser Glu Lys 

0 1 D 



Leu Gly Phe Ser 

330 



Asp Asn Ser Me 

345 



Lys Asp Gly Lys 



Val Cys Leu Gl u 

380 



Asn Thr Ser Asp 

395 



Tyr Met Asn Asp 

410 



Gin Pro Val Asp 

425 



Pro Ala Ser Pro 



Arg Leu Arg Val 

270 



Arg Asp Val Thr 

285 



Ser Me Val Arg 



Me Met Glu Me 

320 



Me Ala Gly Gly 

335 



Tyr Val Thr Lys 

350 



Leu Gin Me Gly 

365 



Glu Val Thr His 



Phe Val Tyr Leu 

400 



Gly Tyr Ala Pro 

4 1 5 



Asn His Val Ser 

430 



Ala Arg Tyr Ser 

445 



Pro Val Ser Lys Ala Val Leu Gly Asp Asp Glu Me Thr Arg Glu Pro 



450 



455 



Arg L y s Val Va 1 

465 



Val Gly Gly Glu 



Gl y Gly Pro Ala 

500 



lie Se r Val Asn 

515 



Ala Ala Ala Leu 

530 



Tyr Arg Pro Glu 

545 



Arg Glu Gin Met 



Arg Thr Ser Gin 

580 



Asp Lys Thr Lys 

595 



Phe Gly Asp lie 

6 1 0 



Gin Ala Arg Gin 

625 



Leu His Arg Gly 

4 70 



Asp Gly Glu Gly 

485 



Asp Leu Ser Gly 



Ser Val Asp Leu 

520 



Lys Asn Ala Gly 

535 



Glu Tyr Ser Arg 

550 



Met Asn Ser Ser 

565 



Lys Arg Ser Leu 



Asp Ser Gly Leu 

600 



Leu His Val Me 

6 1 5 



Val Thr Pro Asp 

630 



Ser Thr Gly Leu 

475 



lie Phe lie Ser 

490 



Glu Leu Arg Lys 

505 



Arg Ala Ala Ser 



Gin Ala Val Thr 

540 



Phe Glu Ala Lys 

555 



lie Ser Ser Gly 

570 



Tyr Val Arg Ala 

585 



Pro Ser Gin Gly 



Asn Ala Ser Asp 

620 



Gly Glu Ser Asp 

635 



Gly Phe Asn lie 

480 



Phe lie Leu Al a 

495 



Gly Asp Arg lie 

5 1 0 



His Glu Gin Ala 

525 



lie Val Ala Gin 



lie His Asp Leu 

560 



Ser Gly Ser Leu 

575 



Leu Phe Asp Tyr 

590 



Leu Asn Phe Lys 

605 



Asp Glu Trp Trp 



Glu Val Gly Val 

640 



lie Pro Ser Lys Arg Arg Val Glu Lys Lys Glu Arg Ala Arg Leu Lys 

645 650 655 



Thr Val Lys Phe 

660 



Asp Met G 1 y Se r 

675 



Ser Glu Ser Ser 

690 



Pro Val Asn Gin 

705 



Gl y Pro Me t Lys 



Asp Lys Phe Gl y 

740 



Tyr Glu Val Asp 

755 



Met Glu Lys Asp 

770 



Asn Asn His Leu 

785 



Gly Lys Gly Lys 



Arg Leu Gin lie 

820 



Lys Ser Met Glu 

835 



Asn Ser Lys Thr 



Lys Gly Leu Lys 

680 



Tyr Arg Gly Gin 

695 



Gin Glu Val Asn 

7 10 



Asp Arg Me Asn 

725 



Ser Cys Val Pro 



Gly Arg Asp Tyr 

760 



lie Gin Glu His 

775 



Tyr Gly Thr Ser 

790 



His Cys lie Leu 

805 



Ala Gin Leu Tyr 



Asn Me Me t Glu 

840 



Arg Asp Lys Gly 

665 



His Val Thr Ser 



Glu Glu Tyr Val 

700 



Tyr Thr Arg Pro 

715 



Asp Asp Leu Me 

730 



His Thr Thr Arg 

745 



His Phe Val Thr 



Lys Phe Me Glu 

780 



Val Gin Ser Val 

795 



Asp Val Ser Gly 

810 



Pro Me Ser Me 

825 



Me t Asn Lys Arg 



Glu Me Pro Asp 

670 



Asn Ala Ser Asp 

685 



Leu Ser Tyr Glu 



Val Me Me Leu 

720 



Ser Glu Phe Pro 

735 



Pro Lys Arg Asp 

750 



Ser Arg Glu Gin 

765 



Ala Gly Gin Tyr 



Arg Glu Val Ala 

800 



Asn Ala Me Lys 

815 



Phe Me Lys Pro 

830 



Leu Thr Glu Glu 

845 



Gin Ala Arg Lys Thr Phe Glu Arg Ala Met Lys Leu Glu Gin Glu Phe 



850 855 860 



Thr G 1 u His Phe Th r Ala Me Val Gin Gly Asp Thr Leu Glu Asp lie 

865 870 875 880 



Tyr Asn Gin Val Lys Gin Me Me Glu Glu Gin Ser Gly Ser Tyr Me 

885 890 895 



Trp Val Pro Ala Lys Glu Lys Leu 

900 



< 2 1 0 > 3 
<2M> 3150 

< 2 1 2 > DNA 

< 2 1 3 > Mu s mu s c u 1 u s 

< 2 2 0 > 

< 2 2 1 > misc — feature 

< 2 2 3 > murine Dig (discs large) gene 



< 4 0 0 > 3 

ggagaaaaat gccggtccgg aagcaagata cccagagagc attgcatctg ttggaagaat 60 

atcgatcgaa actaagccaa actgaagaca gacaactcag aagttccata gagcgggtta 120 

ttaacatatt tcagagcaac ctctttcagg ctttaataga tattcaagaa ttttatgaag 180 

tgaccttact tgataatcca aaatgtgtgg atcattcaaa gcagtgtgaa ccagttcagc 240 

c t g t g a c t a c 1 1 g g g a g a 1 1 g c c a g c c 1 1 c c a a g c a c t g c c g t g a c g t c a g a a a c c c t g c 3 0 0 

ccggcagcct tagccctcca gtagagaaat accggtatca ggatgaagag gtacttcctc 360 

ctgagcatat ttctccacaa gtcacaaatg aggtgctagg tccagaactg gtccatgtct 420 

cagagaagaa cctgtcagag attgagaatg tccatggatt tgtttctcat tctcatatct 480 

caccaataaa gcccacagaa gctgttcctc cctcctctcc cattgtccct gtgacccctg 540 

ccctgccagt ccctgctgag agtactgtcg tcctgccctc cgcaccacag gcaaatcctc 600 

ctccagtgct ggtcaacaca gacagcttag agacaccaac ttatgttaat ggcactgatg 660 

cagattatga atatgaggaa atcacacttg aaaggggaaa ttcgggtctt ggtttcagca 720 



1 1 g c a g g a g g t a c a g a c a a c c c a c a c a 1 1 g g a g a t g a c t c aagtattttc a t c a c c a a a a 7 8 0 

1 1 a t c a c a g g c g g a c g g g c t g c c c a g g a t g g a a g a 1 1 g c g g g t a a a t g a c t g t g t a c t g a 8 4 0 

g a g t a a a t g a a g c a g a c g 1 1 c g t g a t g t a a c c c a c a g c a a a g c a g t g g a g g c a 1 1 a a a a g 9 0 0 

aagctggatc tattgtgcga ttgtatgtga aaaggcggaa gctagcatca gaaaaaatca 960 

tggaaataaa gctcattaaa ggtcctaaag gtcttgggtt cagcattgct ggaggtattg 1020 

g a a a t c a g c a c a 1 1 c c t g g t g a t a a c a g c a t c t a t g t a a c c a a a a t a a 1 1 g a a g g a g g t g 10 8 0 

c a g c a c a c a a g g a t g g c a a g c 1 1 c a g a 1 1 g g a g a t a a g c t t c t a g c a g t g a a c a g t g t g t 114 0 

gtttagaaga agttactcat gaagaagcag tgactgcctt aaagaataca tctgattttg 1200 

tttatttgaa agtggcaaaa ccaacaagta tgtatataaa tgatggctat gcaccacctg 1260 

acatcactaa ttcttcttct caatctgttg acaaccatgt cagcccgtcc tcctgcttgg 1320 

gccagacgcc aacgtcacca gccaggtact cacccatttc taaagctgtg ctcggagatg 1380 

acgagatcac tagggaacct agaaaagttg ttcttcatcg tggctcaaca ggacttggtt 1440 

ttaacattgt ggcaggtgaa gatggagaag ggatttttat ctccttcatc cttgctggcg 1500 

g a c c t g c t g a t c t a a g t g g a g a g c t c a g a a a a g g a g a t c g c a t c a t a t c g g t g a a c a g t g 15 60 

ttgacctcag agctgcaagt cacgaacaag cagcagctgc actaaagaac gcaggccaag 1620 

ccgtcaccat cgttgcgcaa tatcgacccg aagagtcacg tcgttttgaa gctaaaatcc 1680 

atgacttacg ggagcagatg atgaatagca gagtcagttc agggtcaggg tctcctcgaa 1740 

c c a g c c a g a a g c g c t c c c t c t a t g t c a g a g c c c t c 1 1 1 g a 1 1 a t g a c a a g a c t a a g g a c a 18 0 0 

g c g g g c 1 1 c c c a g t c a a g g a c t g a a c 1 1 c c g c 1 1 1 g g a g a c a t c c t c c a t g t c a t c a a t g 18 6 0 

cttctgacga cgagtggtgg caagccaggc aggtcacccc agacggggag agtgacgaag 1920 

tcggagtgat tcctagtaaa cgaagagctg agaagaagga acgagcccga ttaaaaacgg 1980 

tcaaattcaa ttctaaaaca agaggagata aagggcagtc attcaatgac aagcgtaaaa 2040 

agaacctctt ttcccgaaaa tttcccttct acaagaacaa ggaccagagt gaacaggaaa 2100 

cgagtgatgc tgaccagcac gtaacttcta atgccagcga tagtgaaagt agttaccgtg 2160 

gtcaagaaga atgtgtttta tcttatgagc cagtgaatca acaagaagtt aattataccc 2220 



gaccagtcat catattagga cctatgaaag acagagtaaa tgatgactta atctcagaat 2280 

1 1 c c t g a c a a a 1 1 1 g g a t c c t g t g t c c c t c a t a c a a c t a g a c c g a a g c g t g a c a t a g a g g 2 3 4 0 

tggatggacg agattatcat tttgtgactt caagggaacg agtggaaaag gatattcagg 2400 

agcataagtt cattgaagcc ggccagtata acaaccatct gtatgggacg agcgtgcagt 2460 

ccgtgcgagc agtggcagag aagggcaaac attgtatcct tgatgtgtct ggaaatgcca 2520 

t a a a g a g g 1 1 g c a g a 1 1 g c a c a g c 1 1 1 a t c c a a t a t c t a t 1 1 1 1 a 1 1 a a a c c c a a a t c c a 2 5 8 0 

tggaaaatat catggaaatg aacaagcgcc taacagaaga gcaggccaga aaaacatttg 2640 

agagagccat gaagctggag caggagttca ctgagcattt cacagctatt gtccagggag 2 7 0 0 

acacgctgga ggacatttac aaccaagtga aacagatcat cgaagaacag tctgggcctt 2 7 6 0 

acatctgggt cctagcgaaa gaaaagctat gaagacggat gttgttcttt cttttttcca 2820 

tggtctcatc tcttgccctg ttgtggagtc tgtcttcggt gtcctccacg ctgacacaga 2880 

tcccctcctc atggtcggca gttgtgcccg ttttttgaca tctgtgtccc ttcatgttgc 2940 

atcatctgta ctattctgtg ttactcttgg tttctggcca cttttcggaa tgaagatgaa 3000 

tggcctgacc agctatctag ggtttgggga gatgtaaaat tgtaaaattc cttaatgttt 3060 

aagggaaagt taactttaag agattttcag aaaagcttta tatacactct tttccaatct 3120 

cagtacaaat gaaaaaaaaa aaaaaaaaaa 3150 



< 2 1 0 > 4 

< 2 1 1 > 927 

< 2 1 2 > PRT 

< 2 1 3 > Mu s mu s c u 1 u s 

< 2 2 0 > 

< 2 2 1 > misc — feature 

< 2 2 3 > murine Dig (discs large) 



< 4 0 0 > 4 

Met Pro Val Arg Lys Gin Asp Thr Gin Arg Ala Leu His Leu Leu Glu 

15 10 15 



Glu Tyr Arg Ser Lys Leu Ser Gin Thr Glu Asp Arg Gin Leu Arg Ser 



25 



3 0 



Ser lie Glu Arg 

35 



Leu lie Asp lie 

50 



Lys Cys V a 1 Asp 

65 



Thr Trp Glu lie 



Leu Pro Gly Ser 

100 



Glu Glu Val Leu 

115 



Val Leu Gly Pro 

130 



lie Glu As n Val 

145 



Lys Pro Thr Glu 



Pro Ala Leu Pro 

180 



Pro Gin Ala Asn 

195 



Thr Pro Thr Tyr 

2 1 0 



Val lie Asn lie 

40 



Gin Glu Phe Tyr 

55 



His Ser Lys Gin 

70 



Ala Ser Leu Pro 

85 



Leu Ser Pro Pro 



Pro Pro Glu His 

120 



Glu Leu Val His 

135 



His Gly Phe Val 

150 



Ala Val Pro Pro 

165 



Val Pro Ala Glu 



Pro Pro Pro Val 

200 



Val Asn Gly Thr 

215 



Phe Gin Ser Asn 



Glu Val Thr Leu 

60 



Cys Glu Pro Val 

75 



Ser Thr Ala Val 

90 



Val Glu Lys Tyr 

105 



lie Ser Pro Gin 



Val Ser Glu Lys 

140 



Ser His Ser His 

155 



Ser Ser Pro Me 

170 



Ser Thr Val Val 

185 



Leu Val Asn Thr 



Asp Ala Asp Tyr 

220 



Leu Phe Gin Ala 

45 



Leu Asp Asn Pro 



Gin Pro Val Thr 

80 



Thr Ser Glu Thr 

95 



Arg Tyr Gin Asp 

1 1 0 



Val Thr Asn Glu 

125 



Asn Leu Ser Glu 



lie Ser Pro lie 

160 



Val Pro Val Thr 

175 



Leu Pro Ser Ala 

190 



Asp Ser Leu Glu 

205 



Glu Tyr Glu Glu 



lie Thr Leu Glu 

225 



G 1 y Thr Asp As n 



Lys lie lie Thr 

260 



Asn Asp Cys Val 

275 



His Ser Lys Ala 

290 



Leu Tyr Val Lys 

305 



Lys Leu lie Lys 



lie G 1 y Asn Gin 

340 



lie lie Glu Gl y 

355 



Asp Lys Leu Leu 

370 



Glu Glu Ala Val 

385 



Lys Val Ala Lys 



Arg Gly Asn Ser 

230 



Pro His Me Gly 

245 



Gly Gly Arg Ala 



Leu Arg Val Asn 

280 



Val Glu Ala Leu 

295 



Arg Arg Lys Leu 

3 1 0 



Gly Pro Lys Gly 

325 



His Me Pro Gly 



Gly Ala Ala His 

360 



Ala Val Asn Ser 

375 



Thr Ala Leu Lys 

390 



Pro Thr Ser Met 

405 



Gly Leu Gly Phe 

235 



Asp Asp Ser Ser 

250 



Ala Gin Asp Gly 

26 5 



Glu Ala Asp Val 



Lys Glu Ala Gly 

300 



Ala Ser Glu Lys 

315 



Leu Gly Phe Ser 

330 



Asp Asn Ser Me 

345 



Lys Asp Gly Lys 



Val Cys Leu Glu 

380 



Asn Thr Ser Asp 

395 



Tyr Me Asn Asp 

4 10 



Ser Me Ala Gly 

240 



Me Phe Me Thr 

255 



Arg Leu Arg Val 

270 



Arg Asp Val Thr 

285 



Ser Me Val Arg 



Me Met Glu Me 

320 



Me Ala Gly Gly 

335 



Tyr Val Thr Lys 

350 



Leu Gin Me Gly 

365 



Glu Val Thr His 



Phe Val Tyr Leu 

400 



Gly Tyr Ala Pro 

4 1 5 



Pro Asp Me Thr Asn Ser Ser Ser Gin Ser Val Asp Asn His Val Ser 



420 



425 



430 



Pro Ser Ser C y s 

435 



Pro lie Ser Lys 

450 



A r g Lys V a 1 V a 1 

465 



Val Ala Gly Glu 



Gl y Gly Pro Ala 

500 



lie Ser Val Asn 

515 



Ala Ala Ala Leu 

530 



Tyr Arg Pro Glu 

545 



Arg Glu Gin Met 



Arg Th r Ser Gin 

580 



Asp Lys Thr Lys 

595 



Phe Gly Asp lie 

6 1 0 



Leu Gly Gin Thr 

440 



Ala Val Leu Gly 

455 



Leu His Arg Gly 

4 70 



Asp Gly Glu Gly 

485 



Asp Leu Ser Gly 



Ser Val Asp Leu 

520 



Lys Asn Ala Gly 

535 



Glu Ser Arg Arg 

550 



Met Asn Ser Arg 

565 



Lys Arg Ser Leu 



Asp Ser Gly Leu 

600 



Leu His Val Me 

6 1 5 



Pro Thr Ser Pro 



Asp Asp Glu lie 

460 



Ser Thr Gly Leu 

475 



lie Phe lie Ser 

490 



Gl u Leu Arg Lys 

505 



Arg Ala Ala Ser 



Gin Ala Val Thr 

540 



Phe Glu Ala Lys 

555 



Val Ser Ser Gly 

570 



Tyr Val Arg Ala 

585 



Pro Ser Gin Gly 



Asn Ala Ser Asp 

620 



Ala Arg Tyr Ser 

445 



Thr Arg Glu Pro 



Gly Phe Asn lie 

480 



Phe lie Leu Ala 

495 



Gly Asp Arg lie 

5 1 0 



His Glu Gin Ala 

525 



lie Val Ala Gin 



lie His Asp Leu 

560 



Ser Gly Ser Pro 

575 



Leu Phe Asp Tyr 

590 



Leu Asn Phe Arg 

605 



Asp Glu Trp Trp 



Gin Ala Arg Gin 

625 



lie Pro Ser Lys 



Thr Val Lys Phe 

660 



Asn Asp Lys Arg 

675 



Lys Asn Lys Asp 

690 



Val Thr Ser Asn 

705 



G 1 u Cys Val Leu 



Thr Arg Pro Val 

740 



Asp Leu Me Ser 

755 



Thr Thr Arg Pro 

770 



Phe Val Thr Ser 

785 



Phe lie Glu Ala 



Val Thr Pro Asp 

630 



Arg Arg Ala Glu 

645 



Asn Ser Lys Thr 



Lys Lys Asn Leu 

680 



Gin Ser Glu Gin 

695 



Ala Ser Asp Ser 

710 



Ser Tyr Glu Pro 

725 



lie lie Leu Gly 



Glu Phe Pro Asp 

760 



Lys Arg Asp lie 

775 



Arg Glu Arg Val 

790 



Gly Gin Tyr Asn 

805 



Gly Glu Ser Asp 

635 



Lys Lys Glu Arg 

650 



Arg Gly Asp Lys 

665 



Phe Ser Arg Lys 



Glu Thr Ser Asp 

700 



Glu Ser Ser Tyr 

715 



Val Asn Gin Gin 

730 



Pro Met Lys Asp 

745 



Lys Phe Gly Ser 



Glu Val Asp Gly 

780 



Glu Lys Asp Me 

795 



Asn His Leu Tyr 

810 



Glu Val Gly Val 

640 



Ala Arg Leu Lys 

655 



Gly Gin Ser Phe 

670 



Phe Pro Phe Tyr 

685 



Ala Asp Gin His 



Arg Gly Gin Glu 

720 



Glu Val Asn Tyr 

735 



Arg Val Asn Asp 

750 



Cys Val Pro His 

765 



Arg Asp Tyr His 



Gin Glu His Lys 

800 



Gly Thr Ser Val 

815 



Gin Ser Val Arg Ala Val Ala Glu Lys Gly Lys His Cys Me Leu Asp 



820 



825 



830 



Val Ser Gly Asn Ala lie Lys Arg Leu Gin lie Ala Gin Leu Tyr Pro 

835 840 845 



lie Ser lie Phe lie Lys Pro Lys Ser Met Glu Asn lie Met Glu Met 

850 855 860 



Asn Lys Arg Leu Thr Glu Glu Gin Ala Arg Lys Thr Phe Glu Arg Ala 

865 870 875 880 



Met Lys Leu Glu Gin Glu Phe Thr Glu His Phe Thr Ala lie Val Gin 

885 890 895 



Gly Asp Thr Leu Glu Asp Me Tyr Asn Gin Val Lys Gin lie lie Glu 

900 905 910 



Glu Gin Ser Gly Pro Tyr Me Trp Val Leu Ala Lys Glu Lys Leu 

915 920 925 



< 2 1 0 > 5 

< 2 1 1 > 20 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > Designed polynucleotide for use as a primer 

< 4 0 0 > 5 

a t g c c g g t c c g g a a g c a a g a 



< 2 1 0 > 6 

< 2 1 1 > 20 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > Designed polynucleotide for use as a primer 



< 4 0 0 > 6 

t c 1 1 c a t c c t g a t a c c t g t a 



< 2 1 0 > 7 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > Designed polynucleotide (or use as a primer 

< 4 0 0 > 1 

gctgtcagtc cacagctaac acaggctact 30 



< 2 1 0 > 8 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > Designed polynucleotide (or use as a primer 

< 4 0 0 > 8 

tgtcctaagt taaggaccat ctagagagcc 30 



< 2 1 0 > 9 

< 2 1 1 > 30 

< 2 1 2 > DNA 

< 2 1 3 > Artificial 

< 2 2 0 > 

< 2 2 3 > Designed polynucleotide (or use as a primer 

< 4 0 0 > 9 

tcgtgcttta cggtatcgcc gctcccgatt 30 



< 2 1 0 > 10 

< 2 1 1 > 5 2 2 9 

< 2 1 2 > DNA 

< 2 1 3 > Mus musculus 

< 2 2 0 > 

< 2 2 1 > m i s c - f e a t u r e 

< 2 2 3 > H2-kk gene 



< 4 0 0 > 10 

gaattcgata tcactagtac gcgtcgacga gctcggatcc cgggaagctt cgatccagac 60 



a t g a t a a g a t 
1 1 1 a 1 1 1 g t g 

c a a g 1 1 a a c a 
g 1 1 1 1 1 1 a a a 
t c g c g c g 1 1 1 
c a g c 1 1 g t c t 

I I g g c g g g t g 
a g a g g c g g 1 1 
g t c g 1 1 c g g c 
g a a t c a g g g g 
c g t a a a a a g g 
a a a a a t c g a c 

I I I c c c c c t g 
c t g t c c g c c t 
c t c a g 1 1 c g g 
c c c g a c c g c t 
1 1 a t c g c c a c 
g c t a c a g a g t 
a t c t g c g c t c 
a a a c a a a c c a 
a a a a a a g g a t 
g a a a a c t c a c 
t a 1 1 g a a a a a 
g c g g c a 1 1 1 1 
g a a g a t c a g t 



a c a 1 1 g a t g a 
a a a 1 1 1 g t g a 
a c a a c a a 1 1 g 
g c a a g t a a a a 
c g g t g a t g a c 
g t a a g c g g a t 
t c g g g g c g c a 
t g c g t a 1 1 g g 
t g c g g c g a g c 
a t a a c g c a g g 
c c g c g 1 1 g c t 
g c t c a a g t c a 
g a a g c t c c c t 
1 1 c t c c c 1 1 c 
t g t a g g t c g t 
g c g c c 1 1 a t c 
t g g c a g c a g c 
t c 1 1 g a a g t g 
t g c t g a a g c c 
c c g c t g g t a g 
c t c a a g a a g a 
g 1 1 a a g g g a t 
g g a a g a g t a t 
g c c 1 1 c c t g t 
t g g g t g c a c g 



g 1 1 1 g g a c a a 
t g c t a 1 1 g c t 
c a 1 1 c a 1 1 1 1 
c c t c t a c a a a 
g g t g a a a a c c 
g c c g g g a g c a 
g c c a t g a c c c 
g c g c t c 1 1 c c 
g g t a t c a g c t 
a a a g a a c a t g 
g g c g 1 1 1 1 1 c 
g a g g t g g c g a 
c g t g c g c t c t 
g g g a a g c g t g 
t c g c t c c a a g 
c g g t a a c t a t 
c a c t g g t a a c 
g t g g c c t a a c 
a g 1 1 a c c 1 1 c 
c g g t g g 1 1 1 1 
t c c 1 1 1 g a t c 
1 1 1 g c t c a t g 
g a g t a 1 1 c a a 
1 1 1 1 g c t c a c 
a g t g g g 1 1 a c 



a c c a c a a c t a 

I I a 1 1 1 g t a a 
a t g 1 1 1 c a g g 
t g t g g t a t g g 
t c t g a c a c a t 
g a c a a g c c c g 
c t g c a 1 1 a a t 
g c 1 1 c c t c g c 
c a c t c a a a g g 
t g a g c a a a a g 
c a t a g g c t c c 
a a c c c g a c a g 
c c t g 1 1 c c g a 
g c g c 1 1 1 c t c 
c t g g g c t g t g 
c g t c 1 1 g a g t 
a g g a 1 1 a g c a 
t a c g g c t a c a 
g g a a a a a g a g 

I I I g 1 1 1 g c a 
1 1 1 1 c t a c g g 
a g a c a a t a a c 
c a 1 1 1 c c g t g 
c c a g a a a c g c 
a t c g a a c t g g 



g a a t g c a g t g 
c c a 1 1 a t a a g 
1 1 c a g g g g g a 
c t g a 1 1 a t g a 
g c a g c t c c c g 
t c a g g g c g c g 
g a a t c g g c c a 
t c a c t g a c t c 
c g g t a a t a c g 
g c c a g c a a a a 
g c c c c c c t g a 
g a c t a t a a a g 
c c c t g c c g c t 
a t a g c t c a c g 
t g c a c g a a c c 
ccaacccggt 
g a g c g a g g t a 
c t a g a a g a a c 
1 1 g g t a g c t c 
a g c a g c a g a t 
g g t c t g a c g c 
c c t g a t a a a t 
t c g c c c 1 1 a t 
t g g t g a a a g t 
a t c t c a a c a g 



a a a a a a a t g c 
c t g c a a t a a a 
g g t g t g g g a g 
t c c g g c t g c c 
g a g a c g g t c a 
t c a g c g g g t g 
a c g c g c g g g g 
g c t g c g c t c g 
g 1 1 a t c c a c a 
g g c c a g g a a c 
c g a g c a t c a c 
a t a c c a g g c g 
taccggatac 
c t g t a g g t a t 
c c c c g 1 1 c a g 
a a g a c a c g a c 
t g t a g g c g g t 
a g t a 1 1 1 g g t 
1 1 g a t c c g g c 
t a c g c g c a g a 
t c a g t g g a a c 
g c 1 1 c a a t a a 

t c c c t t t t t t 

a a a a g a t g c t 
c g g t a a g a t c 



c 1 1 g a g a g 1 1 ttcgccccga agaacgtttt c c a a t g a t g a g c a c 1 1 1 1 a a a g 1 1 c t g c t a 16 2 0 

t g t g g c g c g g t a 1 1 a t c c c g t a 1 1 g a c g c c g g g c a a g a g c a a c t c g g t c g c c g c a t a c a c 16 8 0 

tattctcaga atgacttggt tgagtactca ccagtcacag aaaagcatct tacggatggc 17 4 0 

atgacagtaa gagaattatg cagtgctgcc ataaccatga gtgataacac tgcggccaac 1800 

ttacttctga caacgatcgg aggaccgaag gagctaaccg cttttttgca caacatgggg 1860 

gatcatgtaa ctcgccttga tcgttgggaa ccggagctga atgaagccat accaaacgac 1920 

gagcgtgaca ccacgatgcc tgtagcaatg gcaacaacgt tgcgcaaact attaactggc 1980 

g a a c t a c 1 1 a c t c t a g c 1 1 c c c g g c a a c a a 1 1 a a t a g a c t g g a t g g a g g c g g a t a a a g 1 1 2 0 4 0 

gcaggaccac ttctgcgctc ggcccttccg gctggctggt ttattgctga taaatctgga 2100 

gccggtgagc gtgggtctcg cggtatcatt gcagcactgg ggccagatgg taagccctcc 2160 

cgtatcgtag ttatctacac gacggggagt caggcaacta tggatgaacg aaatagacag 2220 

atcgctgaga taggtgcctc actgattaag cattggtaac tgtcagacca agtttactca 2280 

tatatacttt agattgattt aaaacttcat ttttaattta aaaggatcta ggtgaagatc 2340 

cctagcttat cggccaattc ggatctttta ttggatctct agagaaatgt tctggcacct 2400 

gcacttgcac tggggacagc ctattttgct agtttgtttt gtttcgtttt gttttgatgg 2460 

a g a g c g t a t g 1 1 c g g t a c c c c a c a c a a a a a a c c a a c a c a c a g a t c t a a t g a a a a t a a a g a 2 5 2 0 

tcttttattg gatcggggat ctaccctcct tttccacctg tgtttctcct tctcatcttc 2580 

atcacaaaag ccaccacagc tccagtgact attgcagctc caaggacaac cagaacagca 2640 

atgattaccg tgttggagac agtggatgga ggaggctccc atctcagggt gaggggctca 2700 

ggcagcccct gatggtacac atggcatgtg taatactgct ccttcccaag aggcaccacc 2760 

acagatgccc acttctggaa ggttccatcc cctgcaggcc tggtctccac aagctccatg 2820 

tcctgggtca gctcctcccc attcaactgc caggtcaggg tgatgtcagc agggtagaag 2880 

cccagggccc agcacctcag ggtgacttta tcttcaggtc tgctgtgacg ggtcacatgg 2940 

gcctttgggg aatctgtgcg cggcagcgtc gcgttcccga gctgcaggta tctgcggagc 3000 

cactccacgc acgtgccctc caggtaggcc cggtctctct ctgcatcacc agcctgctcc 3060 



c a c 1 1 g t g 1 1 t g g t g a t c a g c g c c g c c a t g t c g g c c g c c g t c c a c g 1 1 1 1 caggtcttcg 3 12 0 

1 1 c a g g g c g a t g t a a t c g c a g c c g t c g t a t g c g t a c t g c t c g t a c c c g c g g a g g a g g c g c 3 18 0 

cagtccgacc ccacctcaca gccgtacatc cgttggaacg tgtgagagcc gcccgcgctc 3240 

tggttgtagt agcgcagcgc ggtcctcagg ttcactcgga aaatctgctc attgcccttg 3300 

gcgatctgcg tgttccgctc ccaatactcg ggctccacct gctccatcca ccgcacccgc 3360 

ggctcatacc tcggattctc cgcgtcgctg tcgaagcgca cgaactgcgt gtcgtccacg 3420 

tagccgacag agatgaaccg gggcttcccg aggccgggcc gggacacggc ggtgtggaaa 3480 

t a c c t c a g c g a a t g t g g g c c c g c g c g g g t c t g a g t c g g g g c c a g g g c g g c c g c c a a c a g c 3 5 4 0 

a g g a g c a g c a t g c a g g g t g c c a t c g c a c c g gtcggcgatt c g a g a c 1 1 c t g a g 1 1 c c g c g 3 6 0 0 

ggctgcgtgg actttatagc cagcgtccgc ggcgacactg attggttctt ggtgatcgcg 3660 

ccacccaatg ggggtaagag ctgactgcgc gtcaacagtg tccggacaga aggacctgac 3/20 

ccaggttagg agcagaagtg aaactgtgga gatggggaat ccccagccct gggcttcccc 3/80 

acccctgacc tcaccgcctg gcaactaaga ctttgcctga accctgtgct gtcgtctccg 3840 

agttctgatc cagaaactct caaaacacca ggagagaccc gcaggccaga ctctctgtgt 3900 

cctctcttcc actcttcctc ttccttcttc tcttcagaag tcagaccctg gagtcttcta 3960 

gaagaaaagc ctcttccggg aatacaatgg tgacacaagc gcttagggat gcagtggaga 4020 

gaggcttttc cttaaagtcg aggctctggg ctgcaagccc cacacggacc ccacagagac 4080 

caggctctgt tcacctgcaa tgggtggctc acactgccaa gcctgagtgc aggactcatc 4140 

tgttaagtgt agacttcgcc tctcccctca ggatctgtct tctcagccct gtgctgagac 4200 

acagattcct tgtgttaatt cctagatgaa gagtctgtgg ctgcaggtgt gtgtgtgtgt 4260 

gtgtgtgtgt gtgtgtgtat ttgaaacaag gatcttcatt ctgagtcctg agtttgtctc 4320 

t g t g g a c c t g g g a c a 1 1 g 1 1 t c a g c a c a g g a g a c c c c c 1 1 gtccactgaa g a g a g a c c c c 4 3 8 0 

tgtgcagacc acagacagca gggcactgat cgctgtctcc actggacttc tctgtgtctg 4440 

cacttccatg gtgcagttgc tttagtgact taatcacagt aggagaggaa ctgtcaccaa 4500 

ctataacaca gaataaggat gatagtgtgg tagaagttat gtaatttctg accctctccc 4560 



t c c c t c c c t g 
gct^tgtggg 
ccgatgataa 
gcctcgtgat 
tggaatgtgt 
c a a a g c a t g c 
g g c a g a a g t a 
c c g c c c a t c c 
a 1 1 1 1 1 1 1 1 a 
t g a g g a g g c t 
c a g a a a g 1 1 a 
t g c g g c c g c 



a c c 1 1 c a c t c 
a c a c t g g 1 1 c 
g c t g t c a a a c 
a c g c c t a 1 1 1 
g t c a g 1 1 a g g 
a t c t c a a 1 1 a 
t g c a a a g c a t 
c g c c c c t a a c 
1 1 1 a t g c a g a 
1 1 1 1 1 g g a g g 
a c t g g t a a g t 



a c a c 1 1 a t g a 
t g a t a a c c t a 
a t g a g a a 1 1 g 
1 1 a t a g g 1 1 a 
g t g t g g a a a g 
g t c a g c a a c c 
g c a t c t c a a t 
t c c g c c c a g t 
g g c c g a g g c c 
c c t a g g c 1 1 1 
1 1 a g t c 1 1 1 1 



g c t g a t g a g g 
g 1 1 g g c c c c a 
g t c g a t c g a c 
a t g t c a t g g g 
t c c c c a g g c t 
a g g t g t g g a a 
t a g t c a g c a a 
t c c g c c c a 1 1 
g c c t c g g c c t 
t g c a a a a a g c 
t g t c 1 1 1 1 a t 



t g a g g g a c a t 
g a g 1 1 c c t c a 
caattcttga 
c c g a t a a g c t 
c c c c a g c a g g 
a g t c c c c a g g 
c c a t a g t c c c 
c t c c g c c c c a 
c t g a g c t a 1 1 
t c c t c g a g g a 
1 1 c a g g t c c c 



g a a t g t c a c a 
g g g g a a 1 1 g g 
a g a c g a a a g g 
a g c 1 1 g g c t g 
c a g a a g t a t g 
c t c c c c a g c a 
g c c c c t a a c t 
t g g c t g a c t a 
c c a g a a g t a g 
a c t g a a a a a c 
g g a t c g g a a t 



mm 
im 1 - a] 



Dig Locus 



Targeting vector 



Dig recombinant 



ATG 




] ^neo 




5' probe 



im 1 - b] 



PCR primer 



+/+ +/- -/- 



6.5kb. 



5.7kb. 




mm) 



■-,-;>:,-: ::!.■;-/: • ' :-;r;.'.i!-:-ii 



im i - c ] 



+/+ +/- -/- 




wild-type 
mutant 



im i - d] 



+/+ +/- 



203kD — 



mDlg 



118kD — 



[ 0 2 — A ] 




FL1 -Height 



[02-B] 




10 10 

FL 1 -Height 



[0 3] 



#33 primary 



Actin 



sFRP1 



sFRP2 




#44 primary 




#33 immortalized 




Dig 



+/+ -/- +/+ -/- +/+ V- 



[04 ] 




cycle - 30 



mm] 
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